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This final report covers the work performed by General Dynalnics

Con'.air Division under NASA Contract NASS-11181, "Study of Stability

of Unpressurized Shell Structures Under Static Loading." The primary

intent of this study was to employ orthotropic shell theory to develop

practical working tools for the prediction of instability in stiffened

circular cylindrical shells subjected to axial compression. Emphasis

is on approximate analysis techniques to be used in preliminary sizing,

rough checking, and the study of trends. Methods for the more stringent

requirements of final analysis are also discussed and a digital computer

program is provided for such applications. In addition to considering

the overall buckling strength of the stiffened shell, curves are _lso

preheated for predicting the buckling of curved isotropic skin panels

such as those found between stiffening elements. The report is divided

into two dxstinct p_,rts. Part I furnishes the theoretical and empirical

foundations for the proposed methods while Part II gives concise pro-

c(,dures for the practical avFlic_ttion of these methods.
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Minimum longitudinal comnres.sive _embr_ne

running io.ld for the postbuckling e_luilibrlum

p,lth (_ee Figar,es 24 and 25).

Wide-column critical longitudin,_l compressive

membraoe rur, n;ng lo,_(l.

Critic(ll iil-t)lane runnin= _he:Ir 1. t(i ,or

ca,_e of ._hotlr loJl(t ,_cting alone°
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LIST OF S_iBOLS
(Continued)

Critical circumferential compressive

membrane running load,

Critical circumferential compressive

membrane running load for case of

external pressure acting alone.

Ramberg-Osgood parameter; Number of

circumferential full-waves in buckle

pattern.

Longitudinal force.

Stress resultants (see Glossary),

Radius to middle surface of basic

cylindrical skin; Radius to centroid

of rink (only _hen computing CR) .

Ratio of peak longltudinel compressive

membrane running load from applied bend_ng

moment to the critical value under bending

moment actin_ alone,

Ratio of longitudinal compressive membrane

runvlng load from applied axial load to the

critical value unJ_r axial load actin K alone.

Ratio of npp]ied load (or stress) to the

critical value for that type of load

(or stress) acting alone.

SymbGl to identify boundary conditions of

simple support.

Torque,

!
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LI,'_T OF S_IBOLS

(Continued)

t !

7

t
C

t
elf

t
f

t
x

t !

x

t !

Y

Ub

U
m

u

V

W

Thickness of isotrnpic skin panel or

isotropic cy '_indef.

Effective skirl thickness defined in note

(o) of Fable XVI,

Effective thicknes_ defined by equation

(6-55).

Corrugation skin thickness,

_quivalent t_ickness defined by equations

(9-7) and (9-9).

Sandwich f,,cing thickt_ess.

_all thickness for a nn,:.necoque circular

cylinder of same total cross-sectional

urea as actual composite stiffened wall

(including all of the skin and stringer

_,aterial) .

Same as t except for effective width
X

considerations _see note (m) of L, ble XVIS.

_ffective skin thickness defined in note

(n) of r_,b]e XYI].

Flexural strain energy.

Membrane st_'ain energy.

Reference surf:ice d}sp];_cement in the

x coordinate direction.

Tot:l! potential energy.

Referent(, .qurface displacement in the

y coordi n,,te direction,

GENERAL DYNAMICS

Cony;lit Divi:,._ion



G_C- DDG66-O08

LIST OF SYMBOLS

--"(C--6- ntinuea "

i"

W

m

W

W
C

X

X

Y

Y

Z

r

Y
×y

R

X

5
R

5
X

5_

G_SNER IL DYL,_,4* CS

Convair Division

Discrete radial force d_picted in

Figure 15(a).

Reference surface displacement in the

z coordinate direction.

Uniformly distributed runring radial

load depicted in Figure 15(b).

Variabie defined by equations (7-5).

Longitudinal coordinate.

Variable defined by equations (7-5).

Circumferential c_ordlnate.

Radial coordinate.

Parameter defined by equation (6-10).

Parameter ¢iefined by equation (6-7).

Correlation (knotR-down) factor.

Thie!emaan parameter defined in

equatione (6-5) .

In-plane shear aCrain.

Radial deflection for the points of

load applic_tion _hown in Figure 15(a).

Deflection defined !l_ note (j) of Table _VI.

Rotation defined in note (k) of Table XVI.

Radial deflection due to uniformly dis-

trlbuted runn;ng load shown in Figure 15(b).

Deflectlon defined in note (j) of table XVI.

Rotation defined in note (k) of Table XVI.

xxii



t
!

L

L

K
X

£
y

_p

11

_,),)

0
CC

0
cr

(o )
cr

CL

0

cy

0
o

(,ENERAL, DY,_JAMI CS

C<lr, va i r Dt vi _i <<in

GDC- DDG66-OO8

LiSt OF SYMBOLS

(Cont inued)

Strain in x direction.

Strllin in y direction.

'rhielem,_nn p;ir,lmeter defined in equ_itions

(6-5).

Thielemann parameter defined in equ_it_ons

(6-5).

Half-angle between discrete lo,td points

sho_n in Figure 15(a).

l'oisson's r,,tio.

R.ldiu._ of gyration.

gffective local longitudini, l r<ldius of

gyr',,tion of skell wal} _see e(tuations

(6-55) _,,,a (6-51)].

Effective local circumferential r,t¢ttus of

gyr,_tion of shell wali.

Total i:eripheral length of corrugation

center- I ine.

Normal stress.

Crippling stress.

Critical btlckl ing ,_tres,_.

Cl;_ssical critic_ll stress.

Comlmessive yield stress.

CritJc;_l v_lue of uniformly dislr'ibuted

COml)re_ivr' stress_ if acting ,ilone.
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LIST OF SY]4BCLS

(Contt ued)

O

PL

O

P

_H

O
wc

G
.7

't
O

¢

Assumed proportiond| limit stress.

Critical stress for buckling of a flat

isotroptc skin panel.

Critical stress for buckling of an

isotropic cylin_'ical shell.

Wide-column critical stress.

_berg-Osgood parameter.

Shear stress.

Critical value of torsional shear stress,

if acting alone.

Parameter defined by equation {9-3).

Potential energy of external lo,iding.

NOTE: Stabscripts which are preceded by comma,_ denote partial differentiatLon

with respect to the subscript variable. For example, the quantity

32- W

W, xy is identical to _Y-"_:-_Y

GI,JNEI(AI, DYN X,_ICS

Conv,_i r Division

xxi v



GDC-DDG66-OO8

PART II

APPLIC 4TIO N

(,iENERA 1, I)YNAHI CS

C,,nvni r Division

163



GDC- DD(}5 6-OOB

IO. 0 GENERAL

The objective in this part of the report is to present concise

working procedures for direct application by structural analysts and

designers. The theoretical and empirical foundations for these

procedures have been presented in Part I, The sections to foilow are

intended to serve as an application manual and very little background

material will he furnished.

The emphasis here is on approximate methods which are so categorized

primarily in view of their

(I) neglect of certain of the usually less crucial stiffnesses

(DI2 = D33 = O)

and

(2) neglect of the influences from stiffener eccentricities.

The former is a conservative approximation. However, the latter can

lead to either conservative or unconservative predictions if th_ given

approximate methods are applied to configurations which incorpor,lte

mtt'inger and/or ring eccentricities. THe trends in this regard are

strongly dependent Jpon whether the stiffeners _re external or in-

ternal with respect to the basic cylindrical skin. Additional studies

are needed to extend theme approximate methods to properly account for

such eccentricities.

In order to satisfy the requirements for a final analysis, the

_pproximate method_ are supplemented here by an alternative tool which

can accommodate _ll of the inherent st|ff|_ess values along with

GEMERAL DYNAMICS

Convair Division
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eccentricities of the longjtudir.,tl and/or circumferential _tiffencr._,

This capability is provided in the form of a digital computc.r prc,<r_lm

iK_ Section 18.3o2.

C_>rlvair Divi,_ion

I(_,5
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ll.l

1]..0 BUCKLING OF I.qOTk_)PlC 6KIN P_NELS

SUBJECTED TO EDGE CO,HPRESSION

Procedures

FOR b/H RkTIOS L_5 Tit._N 'FtlO6E OBF_INED FROM FIGURE 28, 'Fills

PROCEDUvLE Ckh ¢il_L UNCON:_RV_rlVE PRSi)ICFION5 [bee test data comparisons

of Section 5,3, t_art 1]. TO OBTAIN A RELI,_BLe_ Di_SIGN I_)OL, FURTtt,:R t)EVPSL-

OPMvLNT OF tHE MPLTIiOD I., REQUIRED.

Design elastic buckling stress values may be determined for

isotropic cylindricalskin panels bounded by conventional _tiffening

elements _sLag the foliowing procedures. Conventional plasticity re-

duction factors should be employed for __nelastic stresses,

R b a
St__e___ - Calculate the ratios t i H ' and _ , where

a = Longitudinal dimension of skin panel

(rln K spacing).

b = Circumferential dimension of skin p_nel

(stringer spacing).

Figure 26 - Geometry of Isotropic Skin P inel

t : Skin thickness.

R = Radius to middle surface of skin.
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Step 2 - Based on the computed _ value and the boundary

conditions, select an appropriate buckling coefficient K from

the following table:

T kBLE XI - Buckling CoefficienT-; Fo__r

Isotropic Skin Panels Subjected

to Edge Compression

Boundary

Conditions

Unloaded

Edges

C

C

SS

SS

SS

Loaded

Edges

SS

SS

SS

SS

SS

a

b

0.4

0.6 -. _

0.4

0.6

0.8 -,, :o

K

7.0

5.7

7.0

4.0

5,29

Note that two combinations of bound_ry conditions are con-

sidereal here. However, because of the scatter in the te_t

data reported in Section 5.5 (Part I), it is recommended

that, for design purposes, all edges be considered sim|_lv

supported.
0

c$

Step 5 - Find the appropriate "_ or

design curves of Section 11.2.

o v,_lue from ti_c,
cr

lT_ege c,i:-vc.-,wt,re

drawn by the 5C-1020 plotting machine whici_ (h)es

not provide any c,'p,d)ility for the l)rint-ot_t of

a

lower case lett.r._, llenc,z the r,ltio _) ,ipp['Ir:- t)r-,
h

these curve,s ;_ -- .
B

(iI_NgR,II, DYNAMICS

Convair l)iv i._ion
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As discussed in Part I, the design curves of Section 11.2

are based on the Schapttz criterion C6] which considers two regimes

of response dependent upon the two values o and _ which areP

defined as follows:

a = Critical stress for buckling of a flat isotropic
P

skin panel.

oR = Critical stress for buckling ci an isotropic

cylindrical shell (OPTION 1 employing the lower

bound criterion cf Seide, e_ al. [137 is used her'e).

_'hen aR _ 2o , tho crltical stress for the curved skin panel is es-P

tablished by a relationship ehich provides a smooth transition between

flat plate theory and the full-cylinder behavior. For o_ > 2o "_he
P

critical stress is simply taken as Oct = aR To establish the point

of separation between these two regimes, Section 11.2 includes curves

b R
which show _ vs. _ for the condition 0_, = 20

P
• klere again, the

plotting machine converted lower-case notation Into upper case r;vint-

outs,

Section 18.1 gives the digital computer progra_ which was

u_ed to obtain the design c_rves of Section 11.2. This program may be

u_e2 to obtain additional ptots or single-point solutions as desired.

The program also includes capability to obtain critical stresses for

the special case of flat plates.

GK;NERA L DY_NAMICS

C_)nva._,rDivision
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11.2

i_oisson'_ ratio of O,30, The curves for aluminum employ

psi while the curves for steel use E = 30xlO 6 psi.

Tables XII and XlII list the families provided here.

Design Curves

htl of the design curves in this section are based on a

= IOxlO 6

TABLE Xll - Table of Contents for the

Design Curves "B':.'klinK of

_)ic Panels"

Figure

Number Ordinate kb sc i ssa a/b

27(a) /Buekl in_ Stress_ R 0.,t

27(b) " " 0.6 ..* o_

27(c) '_ " 0,6

27(d) " " 0.8 -_

27(e) Buckling Stress-psi -_ 0,.4
t

_1or Aluminum

27(f) " _' 0.6 -_ oo

27(g) " " 0.6

27(h) " " 0.8-* _o

27(i) Buckling Stwess-psi 1_ 0.4
t

For Stee 1

27(j) " " 0.6--,"

27(k) '_ " 0,6

27(1) " " 0.8-*

K

7.0

5.7

4.0

5.29

7.0

5.7

4.0

3,29

7.0

5.7

1.0

3.29

171

172

173

1 74

175

] 76

177

178

179

! 80

1_,1

GENI_':RAL DYN XMICS

Conva i r Oi v i s i on
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T_BLE XII! - Table of Cont.ents

for the DesXl_a Curves

"b/R vs. R/t for o R = 2_p"

Figure

Number Ordi hate A bsc i ss_______a a_ K

b R
28(a) _ ; (For 0 k = 2. ) _ 0.4 7.0 185p t

28(b) ,t '_ 0.6"-"oo 5.7 184

28(c) " " 0._ 4.0 185

28(d) " " 0.8--_ 3.29 186

For informatiomal purposes, additional families of
R

acr/Z vs. [

are presented in Appendix A. Chese supp]e._entary plot8 were obtained

using OPTIONS 2 and 3 which are based on 50_ and 90% probability values

respectively for _R as discussed in Part I, _ection 5.

(]ENERAL DYNAMIC_
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12.0 COMPRESSIVE BUCKLING OF LONGITUDINALLY

STIFFENED CIRCULAR CYLINDRICAL SHELLS

12.1 Procedures

The procedures given in this section apply equally well to

cylinders which i_lcorpor:_te only longitudinal stiffening and to

sections which lie between rings in cylinders incorporating both

axial and hoop stiffening. Appllcatlon to the latter case is only

valid where general instavtlity (see Glossary) does not precede the

pane_ instability mode (see Glosoary).

The given procedures employ the smearing-out technique where-

by discrete stiffness values are averaged over the entire surface of

the cylinder. One must therefore exercise engineering judgement to

prevent mi_appllcatlon to configurations h_ving excessively large

stringer spacings.

Simple formulas for the Aij, Di_, and _ values are g_ven in

r_ble XVl. This table only considers the following two cases:

(a) No pre-buckling occurs and all of the stringer and skin

a_terial is fully effective.

(b) Buckling of the isotroFic akin panels and/or _ocal bucklin_

of the stringers oocurs, requlrlnt the use of effective width

concepts.

In some practi=al applic_tto_s_ one might encounter stringer sptcing_

sufficiently large tu justify the use of eflecti_e width concepts even in

the ,_bsence of _ny pre-buckling. _side froR_ the effective width criterlon,

).he _ippro,lch wo_lld then be _luite _Imilaf to (hat f()r case (b) ,_hove.

GENERAL DYNAMICS

Convair Division
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The followl_Ig procedure can be used for the approximate

,_n,lysis of the compressive buckling of longitudin.llly _tit'fcned

ci_'cui.tr cy! inders:

St_.___l- Using Llble XYI, compute the values All , LL,

SteE 2 -

AI2 ' A53 ' Dll ' and D22 .

R
Compute the ratio- where

T

= gffeative thickness from Table XVI rNote equ,:-

tion (6-35), Part I] .

R = Radius to middle surface of b_sic cylindricnl

skin.

- Compute the e?fective local longitudinal radius

of gyrotion _ts follows:

Step ,l -

011 = _DlIAll (12-1)

For cylinders having only lonKitudinal ,_tiffenin<,

L
co_apute the ratio --

_11
whe re

L = Overall length of cylinder.

- For sections which lie between rir:,g_ in cyl;nder_

having: both axial and hoop stiffeninp<, compute the

a
r,_t it) -- where

0
II

a = _ipacing between rings.

j_- Using convention;tl methods, COTapute the cripplinK

st re,_s o
cC

for the local cro,_s ._ectlon of the

shell wall (including both stringer and h,sic

cyl in(trical skin).

(_:!;Nr,', _l. I)YN _. IC>;

Conv_L! r Divi sion
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.Step 7 - U_in_ Fable KIV, select .L v._lue for tb,., fixity

factor C F .

- Cm.lpute the Fniele_nann parameter v from t he
$

following:

8

O0

AI2 + -'_-
(12-2)

__- Use the procedure of Section 15 to est.thlish the

correl.ltion (knock-,lo_n) f,_ctor F .

Step 10- Co_,ll,ute the length p_r.iJ,_eter ¢_ .___ follow_:

L 2
. = (12-3)

*) ,)

), ,- - _--/'D22/A2Rm n X22 11

where

)

m : Numb:r of lon¢ituJinal h:llf-_'tves (U_, m CF)•

For _¢ections which lie between rmr,._,_ or, cylint.tei's

h,iving both :lxi,ll ,ind hoop _tiffening, make the

:_ub-.titution L =- ,_ .

(i_N,,_it.,'_L DYN _,'IlCS

Convair Oivi ,,ion
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- Using "rable XV, establish the minimization

factor N .

Step 12 - ComlnJte the quantity

Correction Factor = r

Step I_ -

Step 14 -

(L2-4)

Thi_ is the correction factor denoted on the bucklin_

curves of Section t2.;'-. )

For configuratiops made of 7075-T6 aluminum alloy,

enter the buckling curves of Section I:_..2 to obtain

the critical longitucliaal compressive buckling

stress o . Section 18.2 gives the digital ccmputer
cr

program which was u_ed to obtain these desi_Kn curves.

This program may be used to obtain ,tddition_l plots

or single-point solutions for ,any ;n,_teria].

Check to insure that the configuration f,_lls into the

short-cylinder cla,_sification.

THIS IS TIlE FINAl, SleEP KOR THE RE'rlIOD.

To clarify the means by which Step 14 is to be exec(_ted, n(_te

that both the design curves of Section 12.2 and the digital computer

9rogram of Section 18.2 are appl_cnble only to the .-elatively short

cylinders for which Zhe critical loading c#ndltion corresponds to

2

m .-. C v . the check cited in Step 1.1 is to e._tahlish thnt _he._e con-

ditions nre satisfied. Since most pracLical configura_.ions likely t_

be _ncotmtered will fall into thi, .,.hort cylinder c,_tt, gory, in _,ctu,_l
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TABLE XIV- Recommended V,tlues for the Fixity Factor C b,

C ASE

DESCRIPTION

Sections

RECOMMENDED

C r

"Appa r., r,t

Full Fixity"
(See o:,ta in

,ectlon 6..t. 1)i Between

lnterraediate

Rings

1,0 -----I 5, 75

dhenever

Reli:_ble

K

_wti fable

Note: When u_in K Figure 29, one must carefully coordina?,e

the criteria used for computing the local moment of

inertia : and the rotational spring constant K.

T_BLE XV - Reconu_ended Vnlues for the
_J

Minimization Factor N

" CASE

DESC R I vr I oN

RECOHHENDED

k--.-,w

a = 0.I to I0,000

Tog¢, t her With

= 0.05 to 50.0

From

Figure 50

I
< 0. I { a < O.I

Tegethor ;_it.h [ rogeth,,r With
._ < O. 05 I _i >_ O, 05

tS 1

I
i

I ""

O. 05

_4

*For any ,c,_e._ not covert. 0 |)v these r,_nge._, N m,iy be f(),Jn({ hy

t)l ot t.i ng

[4ocp 4 l _ '- 2 _4 vs. '?_

in order to find v, tel.it

pre,_i on. This minimum

m<_re th,_._ on(' such rt, l _t

vr, mt n_mum f'or the hr',,ckete(i ex-

s N . It c;_n hP _h_wrl , h._t n_t

v_, minimum ",_n exi st.

"* This i-_ ,in npproxtm_1ion which c,ln intruduce ,t m_×lmum

(,rror of

_- (0,05) t,ln 1 psi

(l-v-)

GENV_RAL DYN iMICS

Convair Division

| I 91



GDC- DDG66-OO8

CF

3.0

2.0

1.O

O
0

NOTE: This curve baaed on relationship

between Km/EI and the load-

parameter value at which straight-
line behavfor of Figure 12 occurs

(see Section 6.5_ Part I)

].
I

' I

T t

10 20 50 40 50

KA

El

F_uro 29- Fixlt! Factor vs. l_e_tational

Stiffn_sm ;'arameter
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practice it might not be necessary to make this check for every

configuration investigated. #hen studying a large number of

candidate designs, it will often be reasonable to start by assuming

short-cylinder behavior and only make the check as a final operation

for a few selected cases.

To accomplish the check for shortness in cases where

C F = 1.0 or 4.0

one must investigate those situations for which

(12-5)

(J2-s)

and

C. = O, l, 2, 5, ....
I

(12-7)

That is, ideally one would determine the classical (_ )
cr

CL

respectively corresptad to the following individual cases:

r

F : 1 m : Clv 2 : Fixity Factor

F= 1 m = . 1

2

F=I m = +3

I I
t !
t t

etc. etc.

= "',_tificial

Fixity Factor"

= "Artificial

Fixity Factor"

= "Artificial

Fixity Factor"

values which

(12-10)

(12-ll)

GENERAL DYNAMICS
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For each of these situatiorls, one _ould a_sume F = 1 and retreat

,)

Steps 10 through 13, usin_ the _lppropriate m" value. Condition

(12-8) must give the lowest (o ) value for the short-cylinder
cr

CL

criterion to apply. In actua! practice, multiple iteratt_Jns will

usually prove qnnecessary', Normally, one _vill be able to conclude

that the cylinder i_ "short ') by inspection of the results from only

" )(12-8. and (12-9)

For cases where

1.0 < C F < 4.0 (12-12)

tbe procedure to check cylinder shortness is exactly the same except

thet non-integer C. values mu_t also be c,nsidered, tlowever, _ts a
1

practical expediency, it is recommended that whenevvr

CF = 1_00 to 1.10

or

(_a-!3)

C F = 5.75 to 4.00

constdaration of only the integral C. be regarded a_ adequate°
l

2'he "artifici,:t] fixity factor" denoted in e,tu,_tions (12-9)

through (12-11) should be used in exactly the same m_tnner a_ the con-

ventional fixity factor. That is, the "artificiai" w, lue corresponds

to _he FIXII'v FiCTOR denoted on the curves of Section 12.2. I, ikewise,

the "artificial" val||e is irL_erted in*o,. Section 18.2 co.last'' form

columns th_,t are re._orved for the fixity factor. ._'ote th;_t the

GENV:it_L DYNVMICS
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"artificial" factor can exceed the value 4.0 whereas

1.0 • CF • 4.0 (12-!4)

For those situations where equation (12-8) does not give the

lowest (0 ) valuer the short-cylinder cl'iterion i_ not _atisfied and
cr CL

_either the buckling curves of Section 12.2 nor the uigital computer

program of _ecticn 18.2 Is directly applicable. In such ca_es one may

find the crltlcal stress o by the following method:cr

(a) Employlng the procedure indicated by equations (12-8)I

(12-9). (12-10)_ (12-11), .... etc.1 find the minimum

classlcal stress (o ) . The program of Section 18.2
cr CL

may be used for this purpose.

(b) Compute the wide-column stress 0 _s follows:wc

Whenever the applicable slenderness rat_v _atlsfies

L. (or a)

#11

use

CF_2Eta n

wc 2

Dll

Whenever the applicable slenderness ratio satisfies

(12-15)

(12-16)

L(or e) l
(12-17)

GENERAL DYNAMICS
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use the lower of the v:]lues from equations (12-15)

and (12-18)

C[ _ 0 --

WC CC

o 2 [ I (or a)

cc [ Pll

2

(12-18)

The digital computer program of SeCtion 18.2 can be

employed to fi-d the applicable o by using
wc

Correction Factor = (_) : 0

(c) Find the predicted critical stress
C as

cr

follows:

(12-19)

o =a ,r[(a ) -a ]cr wc cr CL wc
(12-20)

where F is found from the procedures of Section 15.

For any situations where condition (12-15) is _atisfied and one _i_h¢

want to

(a) Include the effects of stringer eccentricities

and/or

(b) Include _he effects of non-zero

and/or

D12 and/or D35 values

(c) Be unrestricted insoL,r as maximum cylinder length is concerned,

the digital computer progr_,m of Section 18.5.2 can be used. ilthough this

program wa_" developed primarily for application to configurations which

include both longitudinal and circumft__rentidl stiffeners, it cdn be

I Gb:N ,dRAL t)YNAMICS
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spacialisod to longitudinally stiffened cylinders through the input

yaiues. The restriction here to camel which satisfy (12-J5) is due

to the fact that _hia program does nor. consider the cripplin_ stress

influence. However 0 further work could be read,ly accomplished to

elinimatt this limitation. In addition, note that the Section 18.3.2

program oily considers boundary conditions of simple support. As an

engineenin t approximation, it is recommended that one account for fixity

influences by investigating only those buckle configurations for which

2
• • CF . Taking the program result to represent the classical critical

, the predicted critical running load is found asrunning load (N)
x CL

follows:

(N)x er = (N)x w¢ + F [(N )x CL - (N)ix wc (12-2._

whe re

(N) = R_nning load corresponding %0
x

WC

foregoing procedure].

a
wc

[see Step (b) in

T = Fro• procedure of Section 15.

GgNgRAL D_IJ_IIC$
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12.2

All of the design curves in this section

Design Curves for Bare 7075-T6 Aluminum Alloy

are based on the

following material properties:

E = 10.5x106 p_i

v = 0.3_

o = 67,000 psi
cy

Ramberg-Osgood o. ? = 70,000 psi

Ramberg-Osgood n = I0

In cases where

(a) ')uu_ll;og of the is_-upic s_£n panels (see Glo_sary)

and/or

(b) local buckllng of the longitu_i,_a] stiffeners

(see Glossary)

occurs, these curves assume the effective widths of stressed material

to be the same as the effective widths used in computing the Ali'S and

Dij's . More refilled effective width concepts recognize differences

between stressed-area phenomena and stiffness mechanisms. To include

such features, some modification would be required to the digital computer

program of Section 18 2.

Table _VII lists the families provided here:

QIWF..RAL DYNAMICS
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TABLE KVII -table oi Contents for the l)esign Curves

"C:ompressive Buckling Stress for Longi-

tudinally Stiffened 7075-T6 A1 Alloy

Circular Cylinders"

Fi gure

Number

31(a)

51(b)

_1(c)

51(d)

51(e)

51(f)

_l(g)

51(h)

3i(i)

31(j)

51(k)

51(i)

31(_)

31(n)

3i(o)

51(p)

32(a)

52(5)

_2(c)

32(d)

52(e)

32(f)

52(g)

52(h)

Crippling

5tress

0
CC

67,000

67,000

67:000

6,, 000

67,000

67_ 000

67,000

67,000

67,000

67,000

67,000

67,000

67,000

67, O00

67,000

67,000

60,000

60,000

60 000

60 000

60,000

60,000

60,000

6 0,000

Correction

...... J Factor

Factor (I_) P _

1.0 1.0 210

I .0 0.8 211

I .0 0.6 212

1.0 0.4 2!3

2.0 1.0 214

'2,.0 0.8 215

2.0 0.6 216

2.0 0.4 217

5.0 1.0 218

5.0 0.8 ,2'19

5.0 0.6 220

3.0 0.4 121

4.0 1.0 222

4.0 0.8 225

4.0 0.6 224

4.0 O. 4 225

! ,O 1 .O 226

1.0 0.8 227

1.0 0.6 2').8

1.0 0.4 229

2.0 1.0 250

_.0 0.8 231

2.0 O. 6 232

,_.0 0.4 253
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TABLE XVII

Figure

Number

32(i)

32(j)

32(k)

_2(1)

32(=)

32(n)

S2(o)

32(p)

33(a)

33(b)

33(c)

33(d)

55(e)

33(f)

3_(g)

33(h)

s5(i)

ss(j)

SS(k)

SS(1)

SS(=)

3s(n)

33(0)

33(p)

- Table of Contents for the DesiEn Curves

!:Compressive Buckling Stress for l,ongi-

tudinall_ Stiffened 7075-T6 A1Allo_
Circular Cylinders" (Continued)

Crippling Correction

Stress Fixity Factor
Q
cc Factor (r _

60,000 3.0 1.0 234

60,000 3.0 O. 8 235

60,000 3.0 O. 6 236

60,000 3.0 O. 4 25 7

60,000 4.0 1.0 238

60,000 4.0 0.8 239

60,000 4.0 0.6 240

60,000 4.0 0.4 241

50,000 1.0 l.O 242

50,000 1.0 0.8 243

50,000 1o0 0.5 244

50,000 I.O 0.4 245

50,000 2.0 1.0 246

50,000 2.0 0.8 247

50,000 2.0 0.6 248

50,000 2.0 0.4 249

50,000 5.0 1.0 250

50,000 3.0 0.8 251

50,000 3.0 0.6 252

50,000 3.0 0.4 253

50 000 4.0 1.0 254

50,000 4.0 0.8 255

50,000 4.0 0.6 256

50,000 4.0 0.4 257
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TABLE XYII - Table of Contents for the Design Curves

"Compressive Buckling Stress for Longi-

tudinally Stiffened 7075-T6 A1A]lo_
Circular Cylinders" (Continued)

Crippling Correct ion
Figure Stre s8 Fi xity

l_aC t _r
O

Number cc Factor (F N )

34(a)

34(b)

34(c)

34(d)

54(e)

34(t)

34(g)

34(h)

34(i)

54(3)

34(k)

54(I)

34(m)

34(n)

 4(o)

34(p)

40,000 1.0 l.O 258

40,000 1.0 0.8 259

40,000 1.0 0.6 260

40,000 l.O 0.4 261

40,000 2.0 1.0 262

40,000 2.0 0.8 265

40,000 2.0 0.6 264

40,000 2.0 0,4 265

40,000 3.0 1.0 266

40,000 3.0 0.8 267

40,000 3.0 0.6 268

40,000 3.0 0.4 A69

40,000 4.0 1.0 270

40,000 4.0 0.8 271

40,000 4.0 0.6 272

40,000 4.0 0. t 275
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13.O - GE/W_L IN_TABILI?Y OF ORT_OTROPIC%LLY

STIFF_NED CIRCULAR CYLINDRICAL _dF__LLS

SUBJECTED TO AXIAL COMPI_SSION

13.1 Procedures

The procedures given here deal only _vtth general instability

(see Glossary) and give no consideration to the panel instability _ode

(see Glomsary). The latter mode must be considered separately by means

of the procedures give_ in Section 12.

The_e procedure8 employ the a_earin6-out technique ehereby

diacrete stiffness values are averaged over the entire surface of the

cylinder. One must therefore exercise engineering 3udgement to prevent

misapplication to configurations having excessively large stiffener

spacinga.

's and D i 's are given in TableSimple formulas for the Aij j

XVII[. This table only considers the following two cases:

(a) No pre-buckltng occurs and all of the stringer and skin

material is fully effective.

(b) Buckling of the isotropic skin panels and/or local buckling

of the stringers occurs, requiring the use of effective

width concepts.

In some practical applications, one might encounter stringer spacings

sufficiently large to justify the use of effective width concepts e_en in

the absence of any pre-buckling. Aside _'om the effective width criterion,

_he approach would then be quits similar to that for case (b) above.

G E_ _J,L D.YI_,AMI_CS
Convair Division

| 274

i|



GDC-DDG66-O08

It is proposed that the following procedure be used for the

approximate analysis of general instability in ox'thotropically stiffened

circular cylindrical shells subjected to axial compression:

Step 1 - Using Table XVIII, compute the values All ' A22 '

Step 2 -

Step 3 -

AI2 ' A33 ' DII ' and D22 .

R2A
r

Compute the ratio _ where
r

A
r

= Cross-sectional area of ring excluding all basi,

cylindrical skin [see Figure 15 and equation (7-1

I
r

= Centroidal moment of inertia of ring excluding al"

basic cylindrical skin [see Figure 15 and equa_-

(7-13) .7

R = Radius to centroid of ring (excluding all basic

c.vlindrical skin).

Using the curves of Figure 25 or the digital computer

program of Section 18.3.3, determine the correction

factor C R . (Note that N = Number of Stringers).8

GENERAL DYNAMICS

Convair Division
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Step 4 - Calculate the effective local longitudinal and

circumferential radii of gyration (Pll and D22

respectively) as follows:

Pll = VDllAll (13-I

Step 5 -

s_te_2__6-

Step 7 -

P22 = _522A22 (13-2

a
a

, , and = where
Compute the ratios 011 022 U

a = Spacing between rings,

B = Diameter of middle surface of basic

cylindrical skin.

Compute the Thielemann parameter ETA SUB S (_)
s

from the following:

A33

A12 +
= (13-5

s _AllA22

Enter the design curves of Section 13.2 to find the

m

cri_tical compressive loading coefficient N . Section

18,3.1 gives the digital computer pro¢ram which was

used to obtain these curves, This program may be used

t_ obtain additional plots or singte-voint solutions.

GENERAL OYN kHICS
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mb
r
gk-

r

Step 8 - Compute the classical theoretical critical

running load (lbs/in_h) as follows:

x CL R _AII

(13-4)

Step 9 - Use the procedme of Section 15 to establish the

correlation (knock-down} factor r .

Step IO - Compute the wide-column strength (N)
X

WC

CFg2Dll
(N) -

x L 2wc

as follows:

(15-,5)

where

C F = Fixity factor associated with ends of cylinder.

L = Overall length of cylinder (The ring spacing,

a, is NEVER substituted here).

Note that whenever

GEN&RAL DYNAMICS
_ _, L= • ,

Convair Division

L .: _ ( 15-6 )

_11 !

one should consider the pomsiblllty for the Johnson

parabola to give lower values than equation (15-5).

However, since condition (13-6) is not likely to be

encountered in general instability problems, this

case is not treated hero. Also note that, since

(N) will usually be relatively smtll, one might
x

WC

choose to use the conservative assumption that

(N) = O.
x

wc
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Step II - Compute the predicted critical runr, ing load

(lbs/in) as follows:

(Nx)cr = (Nx)wc + F [KNx)cL - (Nx)wc]

THIS IS THE FIN._L STP.P POR THE METHOD.

(l_-7)

The foregoing analysis procedure is based on the Thielemann

[19] infinite-length orthotropic cylinder equation (see Sections 6 and

7) which assumes that the cylinder can accommodate longitudinal h_llf-waves

of any size. Finite-length considerations sometimes lead to the require-

ment that the longitudinal half-wavelengths be equal to the overall

length L divided by an integer. To find solutions which satisfy this

restriction, one m_y employ the digital computer progr¢_m of Section 18.3.2.

The print-out critical running load from this program is to be regarded

a_ the classical theoretical value (N) . This value is used tog,_ther
x

CL

with Steps 9 through ll above to establish the predicted critical running

load (N) .
X

cr

The program of Section 18.3.2 should also be used whenever

eccentricities of the longitudinal and/or circumferential stiffeners mu_t

be considered. Here again, the machine outpuL i_ to be used in the same

manner as the (Y) from Step 8 above.
CL

GENERAL DYNXMICS
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Solutions obtained using the digital computer progr_im of

Section 18o3o2 include no consideration of the stiffness reduction

coverod by the correction factor CR . However, even in these

situations it is still useful to establish CR since it provides

some baala for evaluating the reliability of the predictions. That

is_ whenever CR _ .95, one might conclude that the discreteness

mechanism depicted in Figure 15 is of negligible importance. On the

other hand, lower CR values would indicate the need to apply

engineerin_ Judgement in evaluating the machine output.

GENERAL DYNAMICS
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15.2 Design Curves

Table XIX lists the families provided here.

TABLE XlX - Table of Contents for the Design Curves

"Critical Compressive Loading Coefficient

for the Genera] Instability of Stiffened

Circular C_linders

r
D

GENERAL

Figure a _

Number D P s

36(a) 0.O1 O O.1 287

36(b) 0.01 0 0.5 288

56(c) 0.01 0 1.0 289

56(d) O.O1 O 5.0 A90

56(e) 0.01 0 10.0 291

56(f) 0.05 0 0. I 292

56(g) 0.05 0 0.5 295

56(h) 0.05 0 1.0 294

36(i) 0.05 0 5.0 295

56(j) 0.05 0 i0.0 ' _

36(k) 0. I 0 0. I 297

36(1) 0.I L 0.5 298

56(m) 0. I 0 l.O 299

56(n) 0.I 0 5.0 300

56(0) 0. I 0 I0.0 501

56(p) 0.5 0 0.I 502

56(q) 0.5 0 0.5 505

56(r) 0.5 0 1.0 504

DYNAMICS
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T kBL_ XIX - Table of Contents for the Design Curves

"Critical Compressive LoadinK Coefficient
for the General Instability of Stiffened

Circular C_]inders (Continued)

Figure a

Number "D" _ _s

36(s) 0.5 0 _.O 305

36(t) 0.5 0 10.0 506

36(u) 1.0 0 0. i 307

36(v) 1.0 O O.5 308

56(w) 1.0 0 1.0 309

56(x) 1.0 0 5.0 310

36(y) ].O 0 ]O.0 _]!
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14.1

11.1.1

14.0 INre;R iCTit)_ Ik:'.II iVIi)R

Procedure_

txial Co_,£ression '21us i'ure ttending

Step 1 - Using the procedures of _ections 12 ,in(l/or 13,

find the critical lon<itudim_l co;_pressive running

loads for each of tile foilowin_ c,lses:

(a) Pure, axial lo,ld acting along.

(b) Pure bending _aoment actin_ alone.

Each of these load w_lues may be identified by the

symbol [(N ) ] . For the pure bending case,thexcr
O

classical (t- = 1) critical wllue for the peak running

load is taken to be the same as that for pure axial

loading. The respective [(N ) ] values-illxcr
o

differ only because of differences in the acttlal

r"s for the two cases.

Compute the ratio R 1

N
x

(I4)
K

cr
o

as follows:

(1,_-1)

where

N
X

£pplied uniformty di,_tributed

longitudinal compressive running

lo.ad (lbs/in).

B
GE:,r'A_ tL 1)YNk._ICS

Convair Division
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Step 3 -

Step 4 -

(Sx) ]
cr o

:: Critical value for uniformly

distributed longitudinal com-

pressive running load acting

alone (lbs/in).

Compute the ratio R2

N
x

L(N)
X cr

as follows:

(14-2)

where

N
X

= Peak longitudinal compressive running

load (lbs/in) due to applied bending

mome nt.

(Nx) 1 =
crj 0

Critical value for peak longi-

tudinal compressive running load

(lbs/in) due to bending moment

acting alone.

In Figure 58, locate the point B whose coordinates

(R 1R 2) come from Steps 2 and 3. Buckling can occur

if tbis point lies on or above the straight-line

interaction curve. The margin of safety may be

computed as shown in Figure 38.

GENI_FLXl. DYN.XMICS
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14.1._ Axial Compression Plus External Pressure

THE PROCEDURES CITED HERE DO NOT ACCOUNT FOR DISCONTINUITY-

TYPE DEPOI_4ATIONS CREATED BY THI,_ PRESSURE. SUCH I}_PORMATIONS

CA_ BE VERY IMPORTANT TO ALL CONFIGURkTIONS EXCE}¢_ WHERE

STIFFENER SPACINGS ARE VERY SHALL.

Step I - Using the procedures of Sections 12 and/or 13,

find the critical longitudinal compressive running

load I(NX)cr I (Ibs/in), for the case of pure

O
axial load acgIng alone.

Step 2 - Using any suitable method such as the diKital computer

program of Section 18.3.2 Etogether with an appropriate

correlation (knock-down) criterionS, find the critical

clrcumferential compressive running load [(N )]y cr

(Ibs/in), for the case of external pressure
O

acting alone.

Step 3 - Compute the ratio R as follows:
I

where

N

R1 = x (14-3)

I(Nx)lcr
O

N
X

= Applied uniformly distributed longitudinal

compressive running load (Ibs/in). If

applicable, include axial loading due to

external pressure.

GENERAL DYNAMICS

Convair Division
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Step 4 - Compute the ratio R 2 as follows:

R 2 =

N

[(Ny)cr]
o

(14-4)

where

N = Circumferential compressive running
Y

load (lbs/in) due to applied external

pre s sure,

Step 5 - In Figure 58, locate the point B whose coordinates

(R1,R 2) come from Steps 5 and 4. Bucklin_ can occur

if this point lies on or above the straight-line

interaction curve. The margin of safety may be

comJuted as shown in Figure 58.

NOTE: Lhe straight-line interaction curve is suggested here

in the interest of simplicity. More accurate ann]ysis can be

made (still neglecting discontinuity-type deformations) by

using the digital computer program of Section 18.3.2. This

program may be used to find either

(N) for given N
x y

cr

(a):

or

(b):

Based on

(N) for given N
y x

cr

he limited interactian _tudies conducted under NASA

Contract NAS8-11181, it appears that the digital comouter program

! GENERAL DYNAMICS

Convair Divisicn

515



GDC-DDG66-O08

14.1.3

results will indicate greater load-carrying capability

than will Figure 38 (refer to Section 8.3, Part I).

Axial Compression Plus Internal Pressure

No interaction curve is presented for this case. In this report,

the digital computer program of Section 18.3.2 is the only means provided

for analysis of the axlal compression - internal pressure loading com-

bination. Note that THIS PROGRAH DOES NOT ACCOUNT FOR TIIK DISCONTINUITY-

TYPE DEFORMATIONS CREATED BY THE PRESSURE. Within this framework, the

program may be used to find either

for given N
Y

14.1.4

(a): (N)
X cr

or

N required to obtain given (N)
y x

cr

Axial Compression Plus She_r

(b):

Step I - Using the procedures of Sections 12 and/or 13, find

Step 2 -

the critical longitudinal compressive running load

{(l_x) 1 (lbs/tn)' f°r the case °f pure axiall°adcr

acting a_one.

Find the critical in-plane running shear load

[(Nxy) l (Ibs/In)' f°r the case °f shear l°adactingcr
O

alone. (See Figure 37). No means are provided here

for determination of this value.

GENERAL DI_ANICS
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Figure 57 - In-plane Ru,nnin E Shear Load N
xy

Step 5 -

where

Step 4 -

wher e

Step 5 -

Compute the ratio RI as follows:

N
x

cr]
O

(14-5)

N = Applied uniformly distributed iongi-
K

tudinal compressive running load

(Ibs/in).

Compute the ratio R 2 as follows:

N

.....iNxY)cr
O

(14-6)

N
xy

In Figure 58, locate the point

(R1 R 2) come from Steps 5 and ,t.

if this point lies on or abov_ the straight-line

interaction curve. The margin of safety m;,y be

computed as shown in Figure 38.

= In-plane running shear load (lbs/in)

due to applieci tr,tnsverse shear.

B whose coordinates

Buckling can occ,,r

GENILRAL DYNAMICS
517
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NOTE:

this is a conservative practice.

further clarification.

14.2 Design Curve

The recommended design interaction curve applicable to

Sections 14.1.1t 14.1.2t and 14.1.4 is given in Figure 38.

The straightoltne interaction curve is suggested

here in the interest of simplicity. Based on the

limited test data of reference [44], it appears that

See Sectiop 8.5 for

GINZRAL DYWLqlC8

Convair Dizlslon
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1.0

.8

,6

R2

.4

.2

0

___........_ For proportional increases in R I _

-.-,-_ ,-->,- ; .................. ,- ...... and R., the margin of s_fety is: --

....... ; .4-_ ; " ._ ,-, ...... ; L ....... 4 ....

_. .... f ,-_ ........ WF-_-*-.-F_-_ r-v. I t ! 2l
I I ' I . -- 1_ t

: iJ

:" :i L _:TNK, ............ _{-_- ..... ; Note also that:

....... _ _ /, -\ ....... I - : .... _ OB + BM q7

................ ....... +- M..8. : -- - 1 4-_....:;b#.. >.'N-..... ..... -i--
..... _ % ...... .>....} .... -; ,._ 4---_ ........ _-'1 >, ; ..... +-_r-
.... 1 _* .......... I • . : .£ _4--, --r............. J. ,L.._ ........ 4-_--_

................ " * _ _ * ................... * _ - T ÷ * * -7

.2 .4 .6 .8 1.O

R
1

Figure 58 - DesiKn Interaction Curve
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15.1

15.0 INIrl _L I q;' ;,(i,'F£r l (_N S

Procedures

._te I) 1 - For longitudinally stiffened circul,ir eylindet's_

comoute the v_lues kll, "%')')--,DII,and D,.,__u._ing the

w_lue _ = O in the for,nul,ls of I'ahle XVI.

For the an;_lvsis of general in:stability in circul _r

cylinders having both Iorv_itudtnal and circumferential

A,),_ D 1 and D).,stiffeners, compute the wllue. _ _11, --, 1_ --''-

u._in_; v = O in the formulas of T:,ble XVIII.

;tep 2 -

Step 5 -

Co,,_pute the effective thieknes_ telf

teff = [(144)(DllAll)(D22A22) 1

R

Compute the ratio _--- where
eff

R = Radius to ,aiddle surface of b._sic

as follows:

i/4

(15-I)

cylindric,_l skin.

.3tep t - t?or the c,lse of pure axial load, find the correl _ti¢)n

(knock-down) f;_ctor F from Figure 39.

For the case of pure bending moment, find the

correlation (knock-down)f,_ctor F from Figure IO.

15.2 Design Curves

Design curves for the correlntion (knock-down) factor " _re

given in I"iguro_ 5-0 and ,tO for the c,_+es of pure axi;tl load and }_tlr'e

bending moment, re:spectiveIy.

GEN:;I_I, DYNXMICS
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16,0 BUCKLING OF' _IONOCOQUE CIRCULXR CYLINDERS

To provide a basis for comoari,_on, curves are given here of

o

c___r for monocoque circular cylinders subject_-,! t_, each of the followin_
E

loading conditions:

(a) {Jnpressur_.zed under pure axial load.

(b) Unpressurized under pure bending moment.

These curves were developed by Convair through statistical analysis, of

test data [14_ . Separate families are presented for each of the

following statistical criteria:

(a) Best fit

(b) 90% probability; 95% c(_nfidcnc_

(c) 99% probability; 95% c_,_nfiden.,',

L
Each family consists of separate c,_rves for -- = O 25, 1 O, and 4.0.

The criterion (a) was established using the conventional least squares

technique and gives the mean expected (_,r 507_ I, rob:_bility level for

buckling. Half of typical test values would fall below this level. The

criterion (b) may be expressed: There is 95?/0 co_ridence that at lea..:t

90% of the cylinders designed to this level wo||ld equal or exceed t,:li,_

buckling strength, Criterion (c) may he similarly expressed for 99¢/0

probability and 95% confidence. Criteria (h) ,_nd (c) ,_tatistically

correspond respectively to the _IIL-IIDBK-5 "B" and "A" values.
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17.0 SAJ4PLE PROBLF_J4S

Sample problems illustrating the u_e of digital computer

programs developed in contract NAS8-11181 are given in Section 18.

For each program, input data is shown both on a sample coding form

and at the end of the applicable Fortran listing. Output listlngs

are also provided for the sample problems.

The sample problem on buckling of isotropic skin panels dis-

played in Section 18.1 _s to obtain listin_ _nd plots for Ocr/E vs.

R/t and a vs. R/t (for E = lOx106psi and 30xlO6psl) for a/b = 0.4
cr

(K = K = 7.0), 0.6 (K = 4.0), 0.6 (K = 5.7), and 0.8 (K = 3.29).
S C 8 C S

Calculations are desired for b/R = 0.01, 0.02, 0.05, 0.10, 0.20, 0.50

• ¢ I00.000 psi andand 1.0 Plots are to be made for ]00 psi _ Ocr

10 -6 _ Ocr/E ¢ 10 -1 . In addition, solutions for R/t = 100 and 1000

are sought first. The input coding form tcr solution of this problem

is shown in Figure 48 of Section 18.1. Sample pages from the output

listing are shown in Figure 49 and the corresponding plots may be found

among the design curves of Section 11.2.

Four sample problems on buckling of longitudinally stiffened

cylinders are shown in Section 18.2. Buckling atresses are desired for

four specimens from Reference 4 for which E = lO.SxlO6psi, Ocy = 38,000

psi, opL : 20,000 psi, o 7 = 37,000 psi, v = 0.33, n = 10, Occ =_ 47,500

psi, and CF = 3.75. It was found for these specimens (see Sect:ion 6.4)

that:

GENERAL DYN,kHI CS
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Specimen _ R_ L/P11

1 1.497 479 568

2 .526 495 568

5 1. 826 501 430

4 .559 A.88 430

Using these values for input to Program 3896 as shown in Figure 52 of

Section 18.2, solutions are obtained as listed in the output displayed

in Figure 55.

An example problem using the Thielemann solution for general

instability (Program 5942) is shown in the sample data coding form of

Figure 56 in Section 18.5.1. The example is specimen I-1 of reference

29. Since the skin panels buckled very early, an iterative technique

(refer to Section 7.3) was employed to obtain the effective skin width

and corresponding stiffnesses.

program solution becomes:

a/D : 0.077702, _ = 1.8740,
s

The required input information for

= 0s
P

a/011= 29.039, _R D/P22 = 572.82.

Results of the comput,l,r run are shown in Figure 57 of Section 18.5.1

where it can be seen that N = 0.58923. From equation (13-4), (N)
x

1058 Ibs/in. This result, along with other pertinent information

CL

regarding this specimen, is shown in Table VII of Section 7.5.

The evaluation of CR for the specimens of reference 29 (in-

cluding the above specimen I-l) forms sample problems demonstrating Zhe

use of Program 5942I. For specimen I-i, N = 98 and R 2
s kr/I = 34,751.r

GENERAL DYNkMICS
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The input coding form and output listing are shown in Figures 64 and

65 of Section 18.3.3 where the result is given for specimen I-l:

C R = 0.99918 (or C R _ 1.O).

An example problem demonstrating the general instability solution

of referen©e 5 is shown on the coding form in Figure 60 of Section 18.3.2.

Thls is the configuration described in Example 4 of Section 8.S. The

corresponding Input values are shown on the coding form and the upper

portion of the output listing, Figure 6A. The critical axial l_ading was

found for the case of applied hoop compression equal to 799.1 lbs/in.

This is one of the loading cases shown under Example 4 in Table IX of

Section 8.3. Note also in Figure 61 that checks of critical loadings

corresponding to buckle modes having configurations (m-l, n), (m + I, n),

(m , n-l), and (m , n + I) are also calculated to show that the value

found for (m , n) is a relative minimum. Note in this example that the

(m-I : O, 2n = I0) configuration is meaningless (see restrictions on m

and n in discussion of MINM and MINN for CARD TYPE 3 in Section 18.3.2).

In addition to these sample problems demonstrating the use of the

computer programs, varlou8 other solutions were obtained employing these

programm during the course of thls study. Included are the design curves

of Sections 11.2, 12.2 and 13.2, the test data comparimone of Sections 5.5,

6.4, and 7.3, and the interaction studies of Sections 8.3, and 8.4.
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t

The step-by-step procedures presented in Sections ll.lt 12.1,

15.I, and 15.1 are also of sufficient detail to guide solutions for

a broad class of stability problems associated with the design of

stiffened cylindrical shells. In particular_ Tables XVI and XVIII

of Sections 12.1 and 15,1 detail the appropriate means for obtaining

required Aij and Dij values for specific types of stiffening.
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18,O DIGITAL COMPUTER PROGRAM_

Digital computer programs developed within colltract NAS8-11181

for determination of buckling strength levels for isotropic skin panels

and the panel and general instability modes (see Glossary) awe discussed

in this section. These programs were employed to obtain the design

curves of Part II and the test comparisons of Part I. Detail descriptions

of input and output, sample problems1 program notation, flow diagrams,

and Fortran listings are presented.

18.1 Program for Buckling of Isotropic Skin Panels Subjected
to Edge Compression

The program developed for analysing buckling of isotropic skin

panels bounded by elements of a stiffened cylindrical shell under axial

compression is designated as General Dynamics Convair Program No. 3875°

The theoretical and empirical considerations leadin_ to the analyses in

the program are discussed in Section 5.2 of Part I. Because of %he

formulation employed, the program has the capability of analyzing

buckling of flat or curved plates and also may be used for complete

isotropic cylindrical _hells.

The input format is shown in Figure 47. Symbols are shown in

Table XX, Detailed discussion of input, card by card_ follows. Runs

may be stacked,

CARD TYP_} I: One card per run. Each entry must be integer(s) right

adjusted in appropriate columns,

|
C._2_LqAb _YN_qI CS
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Enter NAB (the number of a/b ratios to be entered on

cards TYPE 2) in columns I-5 (50 maximum).

Enter NBR (the number of b/R ratios to be entered on

cards TYPE 3) in columns 6-10 (20 maximum).

Enter NBT (the number of b/t ratios to be entered on

cards TYPE 6) in columns 11-15 (20 maximum).

Enter NRTIN (the number of R/t ratios to b? entered on

cards TYPE 4) in columns 16-20 (99 maximum)_

Enter NOP (determines which OPTIONS are used) in

column 25:

OPTIONS NOP

1

2

3

1 and 2

1 and 3

2 and 5

1,2, and 5

4

2

1

6

5

5

7

As discussed in Sec ion 5.2 of Part I, OPTION 1 uses the

lower bound relation of Seide, et al. [13] for o R and

would be generally employed for design. OPTION 2 uses

mean expected results for o R and OPTION 5 uses 90%

probability, 95% confidence values for o R . If more

than one OPTION is called for (NOP = 5,5,6, or 7), com-

plete sets of output for each desired OPTION are obtained.

P

!
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CARD TYPE 2:

Enter IBUG (debugging and printout option) in column

50. If IBUG = 0 (or is blank)) only calculations for

the R/t values input on cards TYPE 2 will be printed

out. If IBUG = 1 (o_0), calculations will be run

and printed for I01 values of R/t generated within the

program whose logarithms are equally _paced.

Enter K1 (plotting option) in column 35. If KI = 0

(or is blank), calculations will be run and logaritfunic

plots will be made using i01 values of R/t generated

within the program whose logarithms are equally sp_ced.

If K1 = I) no plots will be made.

Enter K2 (header card option) in columns 36-40. This

option allows the use of one TYPE 1 header card if

appllcable to a number of runs. If K2 is blank, O, or l,

a TYPE 1 header card will be used as usual. If K2 > l,

say "n', then "n" runs may be stacked without _epeating

the header card TYPE i. When "n" runs have been read,

the program will then begln reading TYPE 1 cards, if

additional runs are present.

Disregard K5 (not used).

There will be NAB cards per run.

Enter _B. (i th value of the panel length/width r_tio
1

a/b to be input) in columns 1-10 (ElO.5).

C_RAL DYNAMI C$
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Enter CKNH. (heading for i th output listing a;ad/or
1

i th plQt) right adjusted ending in column 20:

Hollerith characters KS= or KC= or KS=KC= (maximum

of 6 characters).

Enter CAPK. (i
th

value of KS or KC) in columns 21-50

(EIO.5). Note that these three entries must correspond;

i.e., the i th TYPE 2 card shows a/b and K or K values
s c

lhich are related since K and K are functions of a/b
s c

[see equation (5-12), Part I and reference 15].

CARD TYPE 3: There will be NBR/6 (rounded to higher whole number)

cards per run.

Enter BR values (panel width to radius ratio b/R, 6 tr

a card (6E10.5).

CAlZD TI_E 4: There will be NRTIN/6 (rounded to higher whole number)

cards per run.

Enter lIT values (panel radius to thickness ratio R/_),

6 to a card (6EI0.5)o

CARD TYPE 5: One card per run. (If KI = 1 omit this card)

Enter YBSIG (lower limit of o for plots of Buckling
cr

Stress, psi vs. R/t) in columns I-I0 (EIO.5).

Enter YTSIG (upper limit of o for plots of Buckling
cr

Stresst psi vs. R/t) in columns 11-20 (EIO. 5).

Disregard TBBR (not used).

Disregard TTBR (not used).

Enter YBSIGE (lower limit of Ocr/E for plots of Buckling

Stress/E vs. R/t) in columns 41-50 (EIO.5).

C_ NF.,RA.L DY NAMIC_
im
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Enter YTSIG_ (upper limit of Ocr/'_ for plots of Buckling

5tress/E vs. R/t) in columns 51-60 (EIO.5).

CARD TYPE 6: 'there will be NBT/6 (rounded to higher whole number)

cards per run.

Enter BT values (panel width to thickness ratio b/t for

flat panels only), 6 to a card (6E10.5). Omit this card

if NBT = O. These values will be used only if b/R = 0

(flat plate).

A sample input coding form is shown in Figure 48.

Approximate execution times at the General Dynamics Convair 7094

DCS installation were 1.5 seconds per a/b and b/R combination for

NOP = 7 and K1 = O.

The program output consists of a listing of all input in addition

to calculated results. The calculated results (Oct/E, Oct for E =

lOxlO 6 psi and o for E = 3OxlO 6 psi) are tabulated (and/or plotted)
cr

for the input values of R/t and the ]01 internally determined values of

R/t, if desired. Separate tables (and/or plots) are formed for each

a/b and Ks[c] _ b/R, and OPTION combination selected on input.

column having the heading "BASIS" is also printed. The symbol I in

this column indicates that the buckling stress was determined by equation

(5-2) of Part I. The symbol II in this column indicates that the

buckling stress was determined by equation (5-4) of Part I. The

latter case indicates behavior of the panel to be similar to th;_t of a

G_NERAL DYNAMICS
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t
complete cylinder of the same radius, thickness and length.

A sample output listing is shown in Figure 49 where the first

and two typical pages of the sample problem coded in Figure 48 are

shown. Output Plots from this sample input are included in _ect[on

11.2, Part II. Notation used in program 5875 vs. symbols employed in

Parts I and II of this report appears in Table XX. A basic flow

diagram for the program is given in Figure 50 and a _ortran listin_

of the program, including input data from the sample problem (Fi_uro

48), is given in Table XXIo
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PROGRAM

NOTATION

NAB

BR

NBR

BT

NBT

CAPK

E1, F_,2

I_tU

NOP

RT

NRTIN

NRT

SIGRE

SIGPE

SIGCI_

SI_R1

SIGCR2

K
S

GDC-DDG66-OO8

TABLlg XX- Program 5875 Notation

DESCRIPTION

Panel length/width ratio,

Number Qf a/b values input.

Panel width/radius ratio.

Number of b/R values input.

Panel wldth/thickness ratio.

Number of b/t values input.

Buckling coefficient.

Eln_t_.e _Oa ''1''= , lOxlO 6 a,id

30xlO 6 psi respectively.

_, Poisson's Ratio, v = 0.3 .

- Option No. (I, 2, or 3; or 4

meaning I, 2, and 3_.

_:/t Radius/thickness ratio.

- Number of R/t values input.

- Total number of R/t values,

both input and calculated.

oR/E Nondimensional buck_ig paramet--

Op/g Nondimen_ionel buckling parameter

Ocr/E Nondimenslonal buckling parameter

a (for Bucklin_ stress (psi) for aluminum

Ec_ lOxlO 6 psi) where g = lOxlO 6 p_i.

o (for Buckling stress (psi) for steel
cr

E = 3OxlO 6 psi) where E = 3OxlO 6 p_i.

REPORT

NOTATION

a/b

b/R

b/'L

or K
C

E

GENERAL DYNAMICS
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TABLE XX - Program 3875 Notation (Cont'd)

PROGRAM

NOTATION

YBSIGE

YYSIGE

YBSIG

YTSIG

IB

REPORT

NOT_kTION OESCRIPTION

Lower ];flit of o /g for plots.
cr

Upper li,ai _f Ocr/E for plots.

Lower limit of SIGCRI and SIGCR2 for

plots,psi.

Upper limit of SIGCRI and SIGCR2 for

plots,psi.

Basis number (I or 2); e.g.,

BASIS(I_) = BASIS II for

.LB = ':., and Oct = a R .

R GCNF..RAL DI']IANI C$

Convair Division

346



GDC-DDG66-O08

p

A

!

0
tO,

_2

GEN_LRA L DYNAHICS

Convair Division 347



GDC- DDG66-OO8

TABLE XXI - Fortran Listing-Program 3875

$_IUP LL_q

SEkLCU1L

$1DoOb

C

C

lvJOt_

[,iAl_ Pt<O_,AK _ibTU - LOCAL HUCK_I,,o OF IL_GTRO_IC PANELS

10o Cb_¢l_,v_, /LNPU1/ A'JC3UJ,_'t]1S(/),U_(2O),t_TC20),CAPK(30} ,CKhM(JU),

1 LI, L_, Fiv:U, l_Ub, KIe _,2, KJ, !:Ai._, hIBh, NOP, NRTIN, I4>T,

(! l_I(2Oui, TITL_.(12J, XLAt)I(I.'), YLF_._,I(12), YLAH2(12), YLAU3(12),

..i _DSiG, _TSiG, Yt_b_, YIV, R, Y_SIGC, YTbIGE

LUN'MUi_ ILOMPUT/ C_ Iv, _'I, TQRT, 14I<l'C, O'41tv,U2, SIGRE, '::,lOPE,

I _I_CRL(2OU,20) , SIGCF_I(2Oo,zO) , SI.I;Ch2(2Ou,2(])

15u SKIP - U.

_Ob _Hllu (b,-Ol)

POI FUi<,v,_l (lhl //I 49X,.)4i_LOCAL L;UCr,LINv OF ISOTROPIC PANELS ////)

_bO CALL oATAIN (5KIP)

._OU UMli,,u_:.': I.-FMU**2

,_b IF (_,l,hc.,l) GO TO 5UO

J_O idK] ._ [,il_J IN

._27 I_IL - U

54U 6_, IL, _Ou

._bu CA_._. r_TC (kT,i_RIII_i_hT,I_HTC)

CAL.L SLT,:Iw, (E_.dC,U,24,24)

CA__L 6fv'X_, (1,1)

4Ob UU lU { ObU,, _[)e _de "._)[)e 45Le 4hrJ, 4bO ), r',lOP

45U CALL tALL (1 )

bOU 1F _ i,OP .cO. 4 ) GO TC 7(;0

bUl IF _ ,,,OP .e.G. 5) GG TO obU

bbU CALL CALL(Z)

OUU I.F (_uP.C(.,.2: GO lO IO('

OUI IF ( i._(JF'.h(,. O) GU TO 70G

OtbU (.-ALL CALu(..I)

7LICI CU_I I ,bE

7,_u o(. l_, ZOu

7bU Ll_,

$1_FIC BL_u_T

lib DL_LK_ L;AIA

Iii Cbi'.FOb / II_FUI I AL_{.$U_ ,UASI%(_) ,LiK(20 ) ,i"i (20) ,CAPK (..3(.]),(..KNm(5L') ,

l Li, l.,', FN,U, IL;LJG, _I, r,,2, K_, l;Au, NBt_, NOP, (4RIlls, Nb[,

2C hl(2UO), IllLr.(12), XLABI(I_), YL,,i']tI2), YLAB2(I_), YL.A.bS(12),

3 t_31O, YTbIG, YU_I<, YT(iR, Y_SIbE, YTblOL

I,;U I..;AJA IlILL(1), YLAL_I_. 1 ) , tL,_H,_ ( 1 ) , I'LAI_3(i) , XL_-_[]I(I )

I

,..I

(4

5

L)

,i,

SlUr IL b_t,_l[,,

C

Jut_LCCAL UUCKLIr4(_ U(- ISOfi_u_IC (_A[_LLS ,

L_B_ tjUCF, LIf4G _TRFSS, I._SI FOr/ _LL_,IrJUM

JbHBUCKLI_D bTRLSS / ELI_%TIC lUObUl.Ub

Jut; [;UCKLI,_u _]RES__ FS,i. f O 1) 5TIFLL I'

3oH kAl) iL;% / TilICKI4ESS

(B_SI'_CIL), iB:I,2) /u_ I ,u_t II /,

ul, L_, FbiU /I.E7, .3.L_7, P.._:) /

I
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TABLE XXI - Fortran LtstinE - ProKram 3875 (Cont'd)

bD LO_._iOl_ /I[_PUT/ Ab(30),BASIS(_),Bh(20),BT(2D),CAPK(30),CKh"(s,..
I El, 1.2, FMU, IbUGP KI, K2, K3_ tJAb, L4DK, NOPt id_IIl_, hl)T,

_ll20O), TITLE{12), XLABI{I_), YLABI(12), YLAB2(I_}, YLAD3(12).

3 IuSIG, YTSIG, YBBH, YTBR, YbSIGE, YTSIGE

51 LO_iv.bi_ /COMPUT/ C, I_t N, NRT, NkTC, OM_MU2, SIGRE, SIGPE,

I blbCRm(200,20), SIGCRI(2OU,20), SiGCR2(2OU,20)

7b IF (b_IP.NL.O.) _0 Tu 299
LOu f_LAb (b,lul) [4A_P NBH_ NBT, NRTIN, NOP, IBUG, KI, K2, K3
101 FON_+AT (_15)
ZOO _RifL (_,2Ul) NABp N_R, NBTp N_TIN, NOPe IBUG, K1, KZ, K3
_Ol FUKMAT (WX,bHNA# :lb,_Xe5HN_R =lb,WA,5HNBT =15pt_X,TfthHTIN :15,_,

* btthOP =I5,#X,eHIBUG =I5,4X,bH Kt =I5tqX,5H K2 =I5,qX,bH K3 :I5
2bU IF (m_.E_.O) GO TO 3UO

251 SKIP : K_ - I

_bZ _0 Ib 30U

299 SKI_ = SKiP - 1.
300 kEAb (bpSUI) (AB(K)fCKNM(K)tCApK(K)P_:lrNAS)
6ul FOHN_T (LIO,5,AIO_E1U.5)
_UO _RII_ (6_W01) (AB(K)_CKNN(K)_CAP_(K),K:I,NAB)
_gl FOHhA1 ( /// (33X,20HPANEL ASPLCI RAiIO =FlO.3,16X,AlO,FlO.j) :

SO1 FO_NAT (bLtO,b)
_00 wi_ITL {6,001) (BR(J),J:I,NBR)
sot FO_KAI ( /// 5bX,2uHPANEL wIDTh / _ADIUS //(5F23.6))
ZOO kE_ (5,701) (R_(I),I=I,NRTIN)

101 FO_iv_T (oEIO.5)

_UO _IIL (6,_01) (HI(1),I:I,r_RTi{J}

_01 _O_._AI ( /// 57X,IoHRADIU5 / THICKNESS // (5F23.2) )
_5U IF (ml.E_.I) GO IO lu50
900 kE_b (b,901) YBSIG,YTSIG,YBBi_YTuR,YUSIoE,YTSIGE

901FUt_l ( bLlO._ )
IUbb _RII_ (b,lu01) YHSIG, YTSIG, YuUk, YTHR, YHSIGE, YTSIGL

IUUI _6_iAI ( // qX, bHY_bIG=IPEIz.2, 3X, DHYTSIGzlPEI2.2,

l iX, 5h_BRzlPEI2,c, 3X, 5hYIBRzIPEI2,2,

3×, 7_YUSIGE=IPEI_.2, 3x, 7_YTSIGE=IPEI2.2 )

_UbU IF (I_I.L_.O) GO _0 _000

lIOU _L_b (5,llOl) (BT(I},[zI,_IBT)

IIUI FO_.AT (oE.IO.5)

lZOU _RL]L (6,1201) (BT(II,IzI,NBT)

I_UI FOI<_i,I (/// 5_X,E3NP_NEL _IUlll / THICKNESS // (6;23.b) )

2UO0 i_E1uF_4

3UOO Lhb

SL_L_JbTI(_.E. RTC (_,I',I_IITILi,NRT,{';I<T_)

C lCJ L,LI,EI_ATL I_T(I)S F_H I FROM l,,lTO {_2,

C L_r._l,_l. V, S_ALED RELATIVE TO LO_IL, SCALE.
L}I;'LI_S I L,_, RT(200)

lOU :,I " ,,RI,_[_ + I

ibv r,:<I - hI41ih + IQI

_L'U _"_](i.I) r. JUt),
•>SO F_I(_,_I) -IuUOL}.

30u L_L_v : .u2
._bO Oi,_. - 2.u
40{] [,RIL :" IUI

_bU L.C;L,'.,o l-l,_

_UU i,I - :,1 * 1
bbU _'ILuL, z ,._I,L '_ FLOAT ( i ) *DLOG

GENERAL DYNAMI CS
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TABLE XX[ - Fortran Listing - Program 3875 (Cont'd)

oUb hi (i_l) - IU.**.P, ILOL_

obU COhil_,;bL

7UU hL lull',

75U Lh_,

b itaF 1C CAuU

L_UL_h_,UI Ii_t. CALC(NN)

bUdt_ublli,L lO CALCUL_TE SIGMA _i<ITIC_L A[_B SIGMA CRIIICAL / L •

Stuu_<bL, TI_L hOV'A IS C_LLEU TO ,,4_,Kc PLvTS.

lb C(Jlli',Ivi,i IINPLJ]'/ Ab(30i ,;_.ASIS(.- ) ,Ok(20) ,H,I (20) ,CAPK(30) ,(.,Kl,lV(..tO) ,

I EL, LZ' FN.U, IL_tJO, KI/ m2, K3, ;JAb, I',ILR, I'JOP/ NRIIr_, I_LTp

2 I-<l(_LIu), TITLL(121, XLAUI(I.), YL_L_I(12), YLAb2(I_), YLAU3(12),

,3 TDSIG, 'rTSlO, YHU_, YThR, YtjSIGE, ITblGE

II tO,_,ivuN ILOMPUT/ C, Iu, N, NRT, NI_TC, OVIKU2, 51GRE, SIuPl,

1 _L<.CF(I:.(2OU,20), 51tDCRI(2Ou,-O;, 515Ck_(20b,20)

Ii -l_i,_

bU Do iU4LI _:I,NAB

7U O0 lu30 ,_:I,I_BP

71 IF toKCjI.NE.O.OI uO TO 90

7;w _Rllr_ (6iT.J) h, AB(KI, CKf_7(_), IgAPK(x.), OR(J)

75 FOHiV_AT (ItII,O2X,7ilOPIIOI.J ,11 I/I IQX,IQhF'ANFL ASPECT RATIO=F_.2,

I 14X,AIU,F_.3,1bX,191-1PANEL wIUTII/RA.]IUS--FIu.4. /II

2 IIX,21HPANEL WlDTHITHICKNbS5 9X,17tIF_uCKLING STRESS/F 13X,

.5 19HBUCKLING 51kESS,PSI IIA,IgIHjUCKLIr,b STkESS,PSI/

4 /SA,lhhL = IO,O00,UUI' IbX,141#t. = DCI,UOO,OUO /II )

74 DO _4 I:l,hOT

7b IF (uTIIi.EG,O.O) GO 10 L_2

7b 51_chFll,J) : CAHb, IK) I OMIMu2 * (1.Ii T(1))**2

77 Sl_thl(l,J) - SIGCRE{I,J) * i 1

7b SluCkP(l,O) : SIGCRE(I,J} * L2

79 _HIIc. (6,bO} (ll(1), 51GCRE(I,J}, 51GL_<I(I,J), SIGCR2(I,J}

OU FL,H,-;_I (Irl F25.4, 3(IPE30.4))

UI bO 1o 64

,,_ _F, I1L (6,05) _lli)

,.5 FOI_IvAI (It_ F PS.qe iUX, 31H LA_.CULATICNb OMIITED, B/I z U.)

64 CC;,_Il.,_tJE

Ob Uu I_ I050

9U _Rllr_ ¢6,91) t_, AU(K;, CKhM(K), LAPKIK), ['lR(o)

91 FO_x,',.AI (Itil,b2X,71_OPIION ,II III 14X,IgiiPANEL ASPECT RATIO:Fh.P,

1 14X,AZO,Fb.3,1bX,19HPAt;EL _iD|HIHA,.IuS-FIO.4 III

7A,16hI_AC!USIIHICI<,I4LSS,IIx,17i_UCI_LII_L> STHESSIE,I, X,

3 I,JI_dUt.KLIhG STIJ.ESb,F'!)I,IIX,IgrIuUC_,L!N_o STFRESS,PSI,6x,bHOASIS I

4 Oc_X,14ttE : IO,O()U,UUO IbX,141tL : O:),OOO,ObO II )

9. _ l,Oi' - hOP

lUO DO It, 2O I:I,I_RT

IZU t-u.oub-lU.b40*ll.-LxP(-l.llo.*S_HT(i_l(l) ))))

IDO OO It, (IbU,21tJ,_bO) ,,_

IbU SIuHL : c.*(I.IRT{I))

19U uC lb 49U

(:lu IF IAU(Ki*UR(J).GE.I.U) GO Tv ..gu

•-'3U 51Ur_L : 11.26.fqT(I)**(-i._,) + U.I()_-)*(I_I(I)*ABIK)*U, rI(J})**(-1.3)

•"To _O lv _gU

-'90 SI_f_r - ll.2_*RT(1)*,(-I._} + U.IOv*(KT(1)*AB(K)*gR(J})**(-I.3)

• - 1.41b * RT(II**(-I.b) * ALOo (A_(KIiNR(J)}

53U bu Iv 49u

,$bO IF (AUIKJiUHI,J).bt..I.U) GU TO 43b

aT0 SI_L. : o.ul*i_T(1)*i(-J._)) + tJ.ljTtJi(Rl (1)*AH(K)*I_R(_J))i,(-l._)

41U uO Iu 49U

GENERAL D_AMICS 35O
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TABLE XXI - Fortran Listing - Program 5875 (Cont'd)

4L_O 516_r.. : 7.52 ". R'I(1)**(-l.b) + U.072 * (RT(1)*AB(K)*UR(J))**(-I.

• - 1.41o *Rl(l)**(-i.6} * ALOb (AB(K)._R(J))

490 SIoHr :- CAPK(K) / OMIMU2 * (l-/(kT(I)**2 * BR(J)**2))
b3U il (SIGRL ,LE® 2.*SIGPE) GO TO 700
b50 lb " 2
bTO SIuCkr..(10,J) : SIORE

71u GO IL, 77U

75U Ib - I

750 SIbCKL(I,J) : 51GPE + 51GRL**2 / (_. * 51GPE)
770 LU_IINUE

7_0 51bCKI(I,J) : SIGCRE(I,J) * El

790-SI(_CK_:(I,,_) - 51GCREII,J) * E2

_10 IF (IBUG.NE.O) GO TO 1010

o30 iF (I.LE.NRTIN) u_O Tu 1010
bSO O0 IU lOcU

1010 ,k11L. (6,1Ull) RI(I)'SIGCRE(IPJ),SIGCRl(IPJ),SIGCR2(I,J),BA515(Ii.'

1011 FORr'IAT (IH ,F17-Op3(IPE30.q),A16}
10_20 CL;h|INUE

10.10 C(_NI INUE
1050 IF (_I,EG.I) GO TO 1090

i070 CALL NOVA(K)

Iugu CCI.,[INbE

2UIU RETOKN
2U50 ENu

$1uFTC hOVk

SUUKuUTIJ,L NOVA (K)

COI_uN /ir_PbT/ AB(3O) °UASIS(_),bF,(20),BT(20) ,CAPK(30) 0L.K{_','(.IO),

I L1, L,p, FNiU, IBUG, KI; _,2, K3, NA_, NBR, NOP, NRTIN° ;_E_T,

2 _[(_Ou), TITLE(12), XLABI(12), YL_BI(12), YLAB2(I/), _LAuS(I2).
YuSIG, YTSIG, YUbk, YTBR, YuSIGE, YTSIGE

COivkiuN /LuNPUT/ C, Iu, N, NRT, NKIC, OMIMU2, SIGRE, 51bPL,

I _IL_CP,L(/OU,20), SIGCRI(20O,_O) , SIGCH2(20U,20)
C

C

C

C

C

C

C

C

IC, VLUT IF_HEE FRAMES _ITH NBK CUhVES EACF_ FRAME

LL,U-Lu(; SCALE FOR ALL PLOI'S

_Lv[ i --- SIGCKI vS R/T

HLul 2 --- 51GCk2 v5 R/T

PLbT 5 --- 51GCRE vS R/T

(E:IO,UO0°O00)

(E=3_,000,000)

CALL SLIKIV(_88,U,24,60)

C_LL 5bL.'-'LI (SIGC_I, YL.ABI, YbSIL,, YISlb, K )

L_LL Sbi:,FLI (SIGCk2, YLAUS, YBblu, YISIL_, K )
Q-_:,LL 'Jb['_r;L] (5IGCRE, YLAH2.0 YhbluE, YTSIo[., K )
i<LIbKi,

L[.u

$1uFIL Sb_'LT

5b,_)i<bbl ZNE SuBPLI (F, YNAMEt YU,YT,_)
CO,v/,_i,, IINHuI/ AB(3CJ ,BASIS(.-) ,Ui<(20) ,BI (20) ,CAPK(3C) ,LKI_"(jc.) ,

I LI, _,", F_,'.U,IbbO, KI, K2, K3, IiAu, NBR, NOP, I_RIIf., P,LT,

c rKl(2Od), TITLE(12), XLABI(Ic), Y'_AB1(12), YLAB2(IZ), YLAU3(I;

3 Yt,SIO, YISIG, Yhbr_, YT[iR, YLSiGE, YTbIGE

C,.,.'.,,,_,C.I_.OFvpuT/ C, lu0 _, NRI, I_TC, O.Wl_,_il2,SIGRE, SIuPL,

I b,_bChLi_tjb,ZO), 51GCRI(2Ou,,::U)° SIGCt_(2OU,20)

u l.vL;.J I(,,, ()F_T (2,_)
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TABLE YJ{I - Fortran Llstln K - Program 3875 (Conttd)

DAI_ (UF'I(I,I},I:I,3}/ 12_I OHTtO,_ i , 12_ OPTION
* l_t+ oPIIOP, 6 /

AA= _o(K}

CC=b_PK(_)

IO_ X_ = L.[_#
LO0 XL :zoO.

CALL ORIuIv(_,xL,xRtIL_,YT, i., !.f O, O, Ow U, 5, 6)

Pr<z,_T ToP TITLE, VERI, _ORLZ

CALL _PRI'_IV (0, -Io, 5b, YNAML, 2u_), 900)

CALL i'_liwTV (36, XLAuI, _00, 12}

CALL PRINIV(-O, bhA/u.: ,300, 98u )

CALL PRINTV(-O, bH _ = ,bOO, 98U )

CALL PRINTV(12,0PI(I,N) ,900, 98u )

CALL LA_LV ( AA,boO,gbO, b_ l,j)

CA_L LABL_ (CC, 660,9_0,6'I,2}

CALL _ITC2v (380,I01_,I023,90,1, 36, -I, 36({LOCAL BUCKLING OF ISOT

•HOPIC PANELS , NLASI )
DO iSU J:I,NBR

Nb:I_IIN+I

iF (bK(J)) 150,150,Iui

I01 uO luO IzNB,i_RT

iF (F(I,_) .LE. YT) uO TO lob

uO lu :5U
iUD Nbzi+l

IY : hRT+N_ -I

IF (F (iY,o} .OE. YH) GO TO 110

IUO COi_l li_bL
GU lu lbU

ill NL=LY
_Tf: t_T(mb-i)

FF : F (hb-l,J)

iXl : r.Xv(_RTT)

IYI : N_V(FF)

bO i_u I:N_,NL
kill Kl(1)

FF: F(I,J)
Ix_ : NX_(_TT)

IYZ : NY_( FF)
DO iOU N_: l,b

CALL LlfqLV (IXI, IYi, IX2, iY_)

1SO COl, Ill,bE
IXIZ_X2

IYLz_Y2

14u CONIII_UE
lbU COl_l INUE

_OO t_Lru_l.,

Lieu

|
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TABLE XXI - Fortran Listing - Program 5875 (Cont'd)

I tJu O •

luuOUb. •UUOI .I
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18.2 Program for the Compressive Buckling of Longitudinally

Stiffened Circular C_lindrical Shells

The program developed for analyzing the panel instability mode

(see Glossary) of buckling is designated as General Dynamics Convair

Program No. 3896. The program determines the buckling stress for cylinders

employing only longitudinal stiffening including tangent modulus and

crippling stress effects. The case of buckling between rings for cylinders

stiffened both longitudinally and circumferentially, including tangent

modulu3 and crippling stress effects, is also analyzed by this program.

For the latter case, it is assumed that the intermediate ring(s) are

suf£1cient to prevent the occurrence of the general instability mode (see

Glossary). A separate check employing the procedures of Section 15 is

required to verify this assumption.

The input format for Program 5896 is shown in Figure 51. Symbols

used are shown in Table X×II. Detailed discussion of input, card by

card, follows. R_ns may be stacked.

CARD TYPE 1: One card per run.

Enter Problem Identification in columns 1-72.

Alphanumeric characters.

CARD TYPE 2: One card per run.

Enter E (Young's modulus, psi) in columns l-lO (EIO.5).

Enter SIGCY (Compressive yield stress, psi) in columns

II-20 (ZlO.5).

GENERAL DYNAMICS
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CARD TYPE 3:

CARD TYPE 4:

Enter SIGPL (Stress at assumed proportional limit,

psi) in columns 21-30 (glO.5). PRESgNT PROGRAM

LIMITATION REqUIReS TIIAT THIS VALUg NOT BE LESS THAN

20,000 PSI.

Enter SIGPT7 (Ramberg-Osgood parameter, a 7 ' psi) in
t

columns 31-40 (EIO. 5).

Enter FNU (Poissonts ratio, v ) in columns 41-45 (F5.3).

Enter VALUEN (Ramberg-Osgood parameter, n ) in columns

46-50 (FS,. 1).

Enter NCASES (number of cases) as right adjusted integer(s)

in columns 51-55 (IS).

Enter NLRHOX (number of L/Pll values to be read in on

CARD TYPE 3 and used in TABLE and PLOT5 option if c_lled

for on CARD TYPE 4) as right adjusted integer(s) in columns

56-60 (15).

There will be NLRHOX/8 (rounded to higher whole number)

cards per run.

Enter LRflOX (slenderness ratio, L/0!I) values, 8 to a

card (8E10.5).

There will be NCASES cards per run.

Enter CASENO (case number) as right adjusted integer(s)

in columns 1-5 (15).

Enter OPTION (TABLE, PLOTS, or POINT) in columns 6-I0(A5).

If TABLE, 301 values of R/t are generated evenly spaced

on a logarithmic scale and calculations are made for each

combination of R/t and L/01I .
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!
If PLOTS, plots are made in addition to calculations

of TABLE. If POINT, one set of calculations only is

run using the RTBAR and LRHOX values in columns 56-45

• nd 46-55, respectively_ on the same card.

• nter SIC_C (crippling stress, Occ , psi) in columns

11-20 (EIO. 5).

Enter C (fixity factor, C F) in colunu, s 21-25 (FS.1).

Enter GAtO4AN (correction factor, FN) in columns 26-35

(_10.5).

Enter RTBAR (R/t for use only in POIN'r Option) in colu/nn_

36-45 (ElO.5). Not necessvvy in TABLE or PLOTS options.

Enter LRHOX (L/Oil for use o_ly in POINT option) in

co]umns 46-55 (EIO.5). Not necessary in TABLE or PLOTS

options.

A sample coding form is shown in Figure 52.

Approximate execution times at the General Dynamics Conv;,ir

709t DCS installation were 2 seconds per L/Pll value for PLOTS option.

The program output consists of a listing or a listin_ plus

plots depending on OPTION specified on C.kRD TYPE 4. If ThBLE or PLOTS

options are called for, the lis_ing consists of all input plus a table

of 301 R/t values with corresponding buckling stress values for each

specified value of slendecne.'._z_ r_,tio L/Pll . 4 separate table i= con-

structed for each input comhin_tt, ion of crippling stre_s o , fixity
cc
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factor CF , and correction factor _ . For the POINT option, the

sam? quantities are listed but only for the specified input R/t and

L/Dll combinations. A sample output listing of the POINT option is

shown in Figure 53 for the _ample input data of Figure 51. Sample S.C.

4020 plots from the PLCTS option appear in Section 12.2. It should be

noted that although the program can accommodate a wide variety of

materials through the input material properties, the plots wlll always

bear the title "CONPRESSIVE BUCKLING STRESS FOR LONGITUDINALLY STIFFENED

7075-T6 AL ALLOY CIRCUL,LR CYLINDERS". Changes must therefore be made to

the tltles of plots when run for other materials.

Notation used in program 3896 vs. symbols employed in Parts I

and II of this report appears in Table XXII. A basic flow diagram for the

program is given In Figure 54 and a Fortran listing of the program, in-

cluding input data from the sample problem (Figure 52), is given in

Table XXIII.
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PROGRAM
NOTATION

C

CASENO

CONSTI

E

ETANCY

FNU

GA,_[MAN

IS'lOP

LRHOX

RTBAR

$IGC¥

SI GPL

S IGPT7

SIGCC

SIGCR

SCRCY

S$CCY

VALUEN

YT

TABLE X_II - Program 5896 Notation

REPORT

NOTATION

C F

V 3(l-v 2 )

E

(Eta n)

cy

V

L/_II

R/7

0

cy

apL

.7

Q
CC

Cr

(a )
cr

cy

(o )
WC

cy

n

DESCRIPTION

Fixity Factor.

Case number.

Young's Modulus, psi.

Tangent modulus at compressive

yield stress, psi.

Poisson's Ratio.

Correction Factor.

Indicates R/t value at which no

further calculations are made for

that L/Pll,

Slenderness ratio.

Radius/effective thickness ratio.

Compressive yield st>'ess, psi.

Stress at assumed proportional limit.

Ramberg-Osgood parameter.

Crippling stress.

Buckling stress.

Buckling stress using E t = (E t )an an
cy

Wide column buckling stress using

Eta n = (Eta n)
cy

Ramberg-Osgood parnmeter.

Upper ]imit ol plotting grid.

GENERAL DYNAMICS

Convair Division

361



GDC-.DDG66-OO8

ii

Z

il, _'_ • ,-4

;K

<

GENERAL DYNAMICS

Convair Dlvis io"n

I

I

I

I

I
i

I

I

r

T

v

:o
• Fl

t_

G- A

v

f

N_

i
O

562

1
I

i

I

",1



r

t

Cd)C- DDG66- 008

TABLE XXIII - Fortran L_atinK - Program 3896

$SLTUP L_4 DISK,SXGPLT,SAVE

SE_ECUTE IBJOB

$I_JOB

$ZBFTC MAiN

COMMON C, CASENO, E, FNU, GAMMAN, ISTOP{25), LRHOX(25), NLAST,

I NCASES, NLRHOx, NOP, OPTION, RTBAR(302), SIGCYt SIGPL,

2 SIGPTT, SIGCC, SIGCR(302,25), SCRCY, VALUEN, YT,

3 PROBID(I@), PI,CONSTI

REAL LRHOX, LRHOXD

DATA PLOTS, TABLE, POIr:T /5HPLOTS,5HTABLE,5HPOINT/

50 WRITE (6,51)
51FOHMAT {IHI,W2X,46HBUCKLING OF LONGITUDINALLY STIFFENED CYLINDERS)

bO READ (5,bl) (PROBID(K),K:I,12)

bl FOHMAT (12A6}

70 WRITE (6,71) {PROBIDiK),K:I,12)

71 FORMAT {//// 29X,12AO ////)

80 WRIIE (6,81)

81 FORMAT (?X, IOHINITIAL E, 5X, IIHCOMPRESSIVE 5X, 13HELASTIC LIMIT

I bX, UHS!GMA PT fOX, 8HpOISSON% 2!X; bHNuMBER 3X,

2 15HNO. SLENDERNESS /IOX, 3HPSI 7X, IbHYIELD STRESS,PSI

3 3X, IOHSTRESS,PSI 6X, IOHSEVEN, PSI 1IX, 5HRATIO 13X, IHN

4 7X, 8HOF CASES 7X, bHRATIOS )

q0 READ (5,91) E, SIGCY, SIGPL, SIGPTT, FNU, VALUEN, NCASES, NLRHOX

91 FORMAT (4EIO.5,FS.3,FS.1,2IS}

lO0 WRITE (6,101)E_ SIGCY, SIGPL, biOPTT_ .CNii,.- V^lil_.., NCASES, NLRHOX

/01 FORMAT (IHO, IPWElb.4, OPFIb.3, FIb.1, 110, IIw )

LOS IF (NLRHOX,EQ.O) GO TO 140

110 wRITE (b,111)

Eli FORMAT {//// 47X, }?HSLENDERNEbS RATIOS FOR AUTOMATIC SEQ. // )

L20 READ (5, i2l) (LRHOX(_),K:I,NLRHOX)

121FOHMAI ( 8E10.5}

130 WRITE (6,131) (LRHOX(K),K:I,NLRHOX)

131FOHMAT ( IPbE20.5 )

140 CONSTI = SQRT ( 3. *(i. - FNU**2 ))

141PI:3.LWIb9

142 CALL SET_IV{125,0,1bU,176)

143 CALL SMXYV(I,O)

C
C CALCULATE UPPER LI_IT OF GRID

XX:SIGCY÷I5000.

YT:XX-AMOD(XX,IO000.}

150 CALL SEARCH (LRHOX,NLRHOX}

151 CALL RTBARC (RTBAR,NHTBAP)

lbO UO 265 I_REAO:I,NCASES

C STOH_ R/IBAR FOR POINT OPTION IN RTBAR(302) AND L/RX IN LRHOX(25).

170 READ {5,171) CASENO,OPTION,SIGCC,C_GAMMAN,RTBAR(302),LRHOX(25)

171 FORMAT (Lb,Ab,EIO.5,F5.1,3EIO.b)

17b NOP:O
IBO IFiPLOTS.Eu.OPTION) NOP:I

190 IFiTA_LE.E_.OPTION) i_OP:2

_00 IF(POINF.LQ.OPTION) hOP:3

210 IFiNOP.hE.O) GO TO 2bO
Z20 _RllL (6,221) CASEr_O

Z21 FORMAT (//// _qX, 261_ILLEGAL OPTIOn; FOR CASE hO. ,15)

GBNBRAL DYNABflC$

Couvair Division 363
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I

TABLE XXIII - Fortra_n Listing - PrgEram 3896 (Cont'd)

/,50 uO lu 25b

/oO CALL CON_PUT
;.'55 COI_T lhUE

k..bO GO Jw 50

;"7U Ll4u

'1,ItJF T C SL_CH
StJbhcwuTIl_L SEAI-_Ch (L_HOXPf_LIRt-tO^)
b Ii_Lt_5101_ LRHOX (;-'5)

C IO HLACE INPUT L/RX IN ORbER FtxUi_,_ kIuliEbl TO LOWEST.
_EAL LRHOXp LHHOXO

IUU I_LI_L=NL_HOX-I

IbU DO obU KzI,NLF_Xl
•,0ru TI:.Iv.F:LFHUX(K)
_bb K l'-r,_l

/.75 i Tv, At,b=O
50g DO buU I-;<I,NLRHOx
_Sb IF {,ICI'4P,GE.LRHOX(1)} GO 10 _Ou
o75 IT_i_5:I
4UI.} I_UL_i,,_.:I

450 ID,,iF-LRtVUX (I)

bUO C(.;HI INUE

bg5 IF ([.IlxAhS.E(.w.O) GO 1u bbEJ

55U LRhUA(NE_LANK)=LRhO×(Ix)

bob LI41.-1UX(K ): TEIMIj

_50 COI,,,TlhUE

700 h_ [ L.,l<,h
75U Lr,u

$]bFTC [-<l_AKC

bUUV, uUTII,E RIBARC ( IITBAIR, M.ITbAr, )

C IC, L_F..i,JLRAIr..L301 VALUES OF RTbAI4 kHC;,4 i0 I0 IU,00U

C LVr_.NLY SPACED RELATIVE TO LOu SCALE_.

UlVLi,_bl0h RTUAR(301)

lUb i'41x[DAk : JOl

,..uu HT_Ar,_(1) = lO00O,
JOb i-_Iu_k(301} : lO.

#UU bO bUU I = 1,299

bob II "- 301-I

_U0 LXH : l,U + FLOAI(1) * .01

70U f4Tb_k(ll) = 10. **EXP
oOU CONTIhUE
9UO REIUKh

lu0b I:-/4U

!I,II_F1C C_PLPu1

.bUUH uuT II',ECOMPUT

C

C

C

C

C

C

C

C

C

COVlv',ul, C, CASENO, E, FNU, GApINAr4, IS10P(25), LRHOX(25), IJLAST,
l NCASES, NLRHOX, hOP, OPIIuI'4, KTBAH(,.'302)(, SIGCI,, SIGPL,

Z SIOPIT, 5IGdC, SIGCR(30/,*b), SCrxCY, VALUEN, fT,
,5 PHOBID(12), Pl,COhSll

REAL LRHUX, LRHOXD

This SUBHOUIINE _ILL [)0 TI_E FOuLuWII'iu ACCORDING T0 Tr,E OPTIUN

POlhl OPIION

THE uuCKu, ll'4OSTRESS vALUE IS COI'ZI'UTEu FUH T_IL INPUT LII<X ANu R/T.

IAuLr.. OPIIUN

5UI i_/IUAH5 ARE OIEI'4E_<ATEb FIRUN_ lu TO If),UUO {II'_SUB. I_IP,ARC).

GENITAL DTN_IC_
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GI)C-DI)G66-O08

TABLE XIIII .- IPortraa LtItI_ -,, Preltr-- 3,896 (Coat'd)

BUC_,LING STRESS VALUF..S ARE CALCULATEU FOR EACH L/RX AND R/TBAR,

PLuI50PIION

SAUL AS IABLE OPTION. IN ADDITIOI_ h PLOT OF BUCKLING STRESS VS,

I_II_AH IS MADE FOR EACH L/RX VALUE.

SILF _ r_OS.REFER TO ST, PS IN OUTLII,E OF PROBLEM WRITTEN

_sY OLUf_GL SMITH. SEE DOCUMENTATION.

IUO bO I_ (12b,125,135),l_OP

LOOP FOR TABLE AND PLOTS OPTIOrC.

125 dlzl

12b J2=hLRHOX
127 II:i

128 12zJUl

129 O0 10 15u

POINT OPTION. CALCULATE ONLY FOR ONE POINT USING SPECIAL VALUES

STOHL_ IN RTBAR(302) AND LRHOX{2b).

13b uI=Z5 .
13b _2:2b

137 ll:ou2
138 12:0U2

SThPb I - 3

_50 LRhOXU = SQRI(2.*C) * PI • S_RT(EISIGCC}

IbO ETA_CY ; E * (I./(VALUEN • (SIbCY/SIGPTT)**(VALUEN-I.) ÷ I.))

_TU UO _uSo J:dl,J2

STLP_ 5 AhO 6

190 IF (LRhOX(J).GE.LRHOAD) GO TO 50U

_'R_CEhD AS IN STEPS _2 - #I (IbOz2)

_OO IGU ; 2

SIEP_ 22, 23, A_D 2_

_Ib STLP22 : (C* PI**2 * ETANCY)/(LRHOX(J)*_2)

_O SThPZ5 : SIGCC - ( {SIGCC*_2 • LHHOX(J)*,2)/(W.*C,PI,,2 * E) )

_3U S_cCY = AMINI(STEP22,STEP2_)

d4b AA _ S_CLY

_bO bO 1u 32b

I'}<dLLLO Ab IN SThPS 7 - 21 (i60zl)

oO, lb_ ; L

Jlb AA z (C * PI**2 * ETANCY} / {LRHUX(J}**_)

SIL_' (+

Slr_b (7 AI_D 8) AND t25 AriD ,-b)

5bu 5CtRLY - AA + GAPMAN • (ETANCY/C, Oi_STI) * (I.IRTBAR(1))

JOb IF (bL'_CY - 51GCY) _bO,370,WOO

SllLk'5 Ib AhO 28

GENERAL DYNAMICS _65
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C
C

C
C
C
C

C
C

C
C

TABI_ XXIII - Fortran Listing - Program 3896 (Coe.t*d)

.)7U 51_K(I,,J) : SCHCY

IF (biGCt((I,.J).LL.SI_CC) GO I0 ZbO(]

ISIvH(J} :I

GO Iu 20_(J

Slr Pb 9 _ND _7
_UU 1F tl.Eu.3o2) GO IO 42b
_,_U ISIvV(,J):I

4-'5 iSlurtJ)-._O_

qJO bO Iv _u_b

Slr_PS {1 i - Ib) AND (29 - 3_ )

4bO L_U Iv {qbU,5UO),lOO

4_U ub : {C * PI**2 * E) / LHHOX{J)**2
_TO bO i u 55_
500 bU : SIGCC - {SI(_CC**2 • LRH_X{J)**2) / {q. * C * Pl**_ * E)

bbU SCt<bu : bb 0 GA_K_AN * (E / CONbTI) • {i./RT_JAR(1))

bbO IF (bCHEIu.bT.SIGPL) _0 TO OOO

b70 SIbCR(I,,J) = SCRBb

IF {SIGCr<iI,j),LE.SIoCC) GO 10 2u60

ISTuP ¢J):i

GO I o 20oO

,uO0 IF (SCHBtJ.GE.SIGCY) _0 TO _.60
02U SCKhL_ = SC:,_bU
o_U GO Iv O_u
ooU SLN_,L_, : SIbCY

blcVb (17 - 21) AIhD (35 -#I)

ihl IIALI&[.

oOU X : i_50O.

7UU SCMhLw : bC_NLv_ + X

Z,/b NCNI = 0

ENTLH SCHt:.iCE TO CLOS_ IN ON uUIPuT V,_LUI=
74-0 l,_(..f,,l -hiCNT + ].
700 bCHNL_ : SCRI_E_V - X

180 LTAHJ_U - L*(J./(VALUhN * (SCkrJLW/SIGVTT)**(VALUEN-I._ +I,)}

OOU b(J 1U (9,)U,L_2U),IGO

O(ZU bTEPOo : (C * PI**2 '_ ETAr, iNU; / LRHO_(J)**2

o_O STLPJ7 : blbCC - (SIuCC**2 * LKI_uX(J)**_) / ((+. * C * PI**2 * E)

ooO SV,(.Jo : A_,IhI(ST_H3o,STEP37)

VUU 60 lU 9_U
920 C(. : (C * PI**2 * ETANNU} / LRHOA(J)*_D

|
GENERAL DIrNAMIC_

Co.air Division

blr._ J I_ AhD 39 tb.FW 940}

9(+O SCHi,U : LC + 6A_MAN , (ETANNU/LOI_STI_ * (I,/RTBAH(I)}

'_bO IF (_LRNU.LI.SCHI,L_) bO TO 7_L)

IUUO IF (_,LI_T,E_.I) GO TO 1020

].Ulb IF (,,,.Gl,100.) GO To I0_](]

IU2b Slo_._(I,,J) : _CHI,L_

IF (blOCK(I,.J).LE.SIbCCJ GO IO 2bOO

iSIuH{w)zl

O_J Iv _()bU

Ibbb bLI4t,L_ : SCHI'_L._/ * X

_blO k : ^/5,

366
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TABLE XX_II - Fortran LtstfnK _ ProKram 3896 (Conted)
_ i

2U2_ GO I0 7bU
_ObO CO_IIIIUE
lU70 I51oPIOI:3U2
2U80 CONTINUE
3000 CALL OUTPUT (dl, d2P Ile I2)
3020 GO I_ (4UOO,5OOO,5000)eNOP

4U00 CALL SIGPLT

5UUO KETURN

b000 ENO
$I_FIC OUIPUT

5U_OUTIhE OUTPUT{JIP J2p lit 12)

COMMON CP CASENOt E, F_Up 6AMMAN_ ISfOP125)t LRHOX(25)t NLAST,

I NCASES, NLRHOX, NOP, OPTION, RTBAR(302Ie SIGCY, SIGPL,

2 SIGPT7, SIGCL, SIGCR(302,25), SCRCY, VALUEN, YT,

PROBID(I_), PI,CONSTL

REAL LR_IOX, LRHOXD

C

C

C

5U_ROUTIhE TO PRINT OUT OUTPUT.

I00 WRITE (6,101)

101 FORMAT ( //// 20X,ghCHIPPLING 12X, 6HFIXITY 9Xe LOHCORRECTION _8X,

I IIHSLENDERNESS gX, 8HBUCKLING I/ 5X, 8HCASE NO. 6X,

2 IIIISTRESS, PSi fiX, 6HFACIOR ilX_ 6HFACTOR fIX,

3 12HRADIUSIT BAR fOX, 5HHAIIO IIX, IIHSXRESS, PSI ///)

150 i_ (ISTOPiJI).EQ.I) GO TO 200

175 IF ilSIOPiJI).NE.303} GO TO 30b

_OU _RITE (6,201) CASENO,SiGCC,C,CAMMAN,LRHOX(J1}

_dl FOH_AT (l;i I9,1P2EIg.3,1PEIg,5,19X,

• _7HNO CALCULATIONS FOR L/RX : ,IPEI2._)

25U 60 TO (SOO,SO0, 900),_OP

30U _kilE (6,301) CASE_O,SIGCC,C,GAMMAN,RTBAR(I1),LRHOX(J1},

• SIGCR(I1,JL)

301 FOReAT (I_ ,19,1P2E19._,IPE19.b,IPEIg.3,1P2Elg._)

IF il_OP.L_.3) GO TO 900

Jg9 II:ISTOP(I;-1

wOU NRIIE _6o_Ul) (RT_AH(1),LRHOX(1), 51GCR(I_I), I:2,11)

_Ol FOH_AT (t_7X, IPEI9.3, IP2E19.4)

42b _RITC (6,426) LRIIOX(1)

4_b FORMAT (I_ .74X,34H_O FURTHER CALCULATIONS FOR L/RX: ,IPE12.4)

50U DO _UU J:_,J2

bSO IF (ISTOPiJ).NE.I) GO TO 675

bOO WRIIL (6,_01) LRHOx(J)

_O1FOR_AI(/// 75X, 27_I_0 CALCULATIUN5 FOR L/RX : ,IPE12.4)

05U O0 TO 800
b75 II:ISTOPIJ)-I

70U wRiTE (6,701) (RIBA_(1),LRHOX(J),SIGCR(I,J),I:I,II)

?Ui FOH_AI (///{bCX,IPE]9._,IP2Elg.4))

75U _klTL (6,7bi) LRHOX(J)

7bl _0_<_,,,[ (75X,3_HNO FU_IHER CALCbLATION5 FOR L/RX: ,1PEI=.4)

_OU CUi_IIhUE
900 RETUhh

IUUi_ __Nu

$1DFIC OUI_UT

5U_kuUTIi_L OUTPUT(JI, JZ, 11, 12)

CO_loi_ C, CASENO, E, FHU, GAMMAr_, ISTOP(25), LRHOX(2b), NLAST,

i NLASE5, PJLR_Cx, IUOP, OPIIuN, RTUAR(302), SIGCY, 51GPL,

SiOPT7, S/OCC, 516CR(30_,_5), SCHCY, VALUEN, YT,

3 PI_OBID(12), FI,CONSTI

GENERAL DYNAHICS
Convmi r Division 367
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C
C

C

ZOO

C
C

C

I00

C

C

150

151

161

i70

171

C

TABI._ XJ(III - _ortran Listing -,, ProKram 3896 (toni'd)

kEAL LRIiuXp LRHOXD

SULII_UUTI_E TO PRINT oUl OUTPUT,

SIGCR(I,I),

FURTHER CALCULATIONS FOR

900

.NE.I) Gu TO 675

) LRhOx(J)

7oX' 27HNO CALCULATIUNS

///)

LIRX: ,IPEL2.4)

FOR LIRX : ,IPEI_.W)

5£T GRID

CALL GRIDI_ ((t,_O,,I_O00.,O.,YT,I.,aUO0.,O, 5,-I0,- b,_,_)

PRINI SIGCC, C, AND GAMMA N AT TOP

CALLPRINT9 (-L9,1gHC_IPPLING STRLSS : ,192,B76)

CALL LABL.V (SIGCC,34W,87b,-4,1,1)

CALL PRINIv(-16,16_FIXITY FACTOR = ,b24,876)

CALL LABL_ (C,652,87o,5,1,3)

CALL P_INIV(-20,2OHCO_RECTION FACTOR : ,7_4,076)

CALL LAbLV (GAMMAN,g_w,676,?,I,3)

Gestalt DivlIi on
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C

C

C

C

C

C
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TABLE XXIII - Fortran I-istin K - Program 38"3 (Cont'd)

F'_I,I! SIOCiR TITLE DO_I',J SIDE

I_0 CALL APRI';IV(O,-IW,-19,19HBUCKLINO STHESS P51,76,637)

PkiI_l R/T IdAR AI BOTIOM

190 CALL PRINlV(-14,1WHRADIUS / l uAH,551,12.0)

PHii'_I MAII_ TI,LE AT uOTI'OM

•.'00 CALL I<ITL2V(3_.8,77,IU23,gO,I,31,-I,31HCOMPRESSIVE BUCKLING STRESS

•FOH,NLASI )

-'01 CALL I_ITL2V(319,_b, lU23,gO,I,3-','-I,32_ILONGITUDINALL':' STIFFENED 707

•5-Tb, NLAST )

_02 CALL RITL2V(36_,I3,1U23,gO,I,27,-I,@7HAL ALLOY CIRCIJLAR CYLINDERS,

•NLAST )

PLoT CURVES

300 DO 7uu o:I,NLRHOX

310 IF {ISYOP(J).EQ.I) Gu TO 700

320 RTu : RTBAR(1)

330 51_ : SIOCR(I,J)

340 iX1 : NXV_HTB)
_50 IYI : NYv(SIG)

II:ISTOP(d}-I

400 DO bOO I=2,11

410 RI_ : RTbAH(1)

420 SIG : SIGCR(I,J)

44U IXZ : NXV(HTU}

450 IYL : NY_(SIG)

500 DO bul N_:1,3

5Ul CALL L.IL_LV{IXL,IYI,IA2,1Y2)

550 IXi : IX_

5DO IYI z IY_

oOO CONIlNUE

70L) CONTINUE

PLOT COl oFF LINE AT SIGMA C£ rHUM X:LO TO X OF LASt POII_T PLOTTED

75U I_S_£_I_YV(SIGCC)

775 NTLr_z_JXV(IU.)

_00 UO bOl MM=I,3

801 CALL LIr_LV (NTEN, _SCC, IXl, r_scc)

gO0 kETURI_

I00_ Lr_U

Q Cr_b OF FILE OR OATA CARD UATA FOLLOW_

_U@4 T3bl LOI_ITUDINALLY STIFFENED CYLINOERS OF REFERENCL

lO.b .uo3_.O +0320,0 +0337,0 +U3 .33 10.0 W

IPUli_T47,5 +03 3,751.W97 .479 +03.368 +03

_POIr_I47.5 +05 3,75.b26U ._9b +03.368 +03

_POII_TW7.5 +05 3,751.820 .bOl +0_.23C +0_

GENERAL DYNAMICS
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18.3 Programs for General Instability or Orthotropicall3

Stiffened Circular C_lindrical Shells Subjected to
Axial Compression

18.5.I Thlelemann Solution - The Thielemann srlutio_ for

general instability of stiffened circular cylindrical shells under

axia] compression, as discussed in Section 7, was programmed to obtain

the design curves shown in Section 13.2. The program also provides the

capability of solution for particular configurations and was so applied

in the test data comparisons of Section 7.Z. The program is designated

as General Dynamics Convair Program No. 3942.

The governing stability relationship for the progranmed solution

is given by equation (7-25) which reldtes the buckling load parameter

= _ NxR _ to D/_2, a/$ll, a/D, CR, _p, _s' and B • To find

the critical buckling stress value, the minimum value of N must be found.
X

ro do this, the expression for N [equation (7-25)] was minimized with

respect to the wave length parameter B2 resulting in the fol!owing

expression which may be recognized to be a quadratic in B2 :

(IS-l)

_2 whl.ch are employed i.nThe roots of this equmtion gize values of

minimizing equation (7-25). In the programmed solution procedure, the

discriminant of the quadratic equation (iS-I) is denoted B and the

roots of the equation are designated XI(=_I2) and X2(=_22).

NI and N2 values are obtained ust_4K the X1 and X2 solutions respectively

in equation (7-25). The values N3 = _R _ and N4 = 1 are also calculated.

GENERAl. DYNAMICS
• . , | ,
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To establish the minimum applicable N value, the logic shown in the

flow diagram, Figure 58,

as follows:

I f _1

If N2

if

If N4

is followed. The resulting modes are identified

is lowest, the checkerboard mode predominates.

is lowest_ the checkerboard mode predominates.

is lowest, the axisymmetrfc mode predominates.

i$ lowest, the **Zero Beta" mode predominates.

The checkerboard and axisymmetric modes are as conventionally defined and

the "Zero Beta" mode is a bounding condition characterized by nonaxisymmetric

modes which approach infinite axial half-wave lengths.

TO DATE TI_ PROGRAM HAS BEEN DEBUGGED ONLY FOR THE FOLLOWING

SITUATIONS:

SIGN SIGN

OF OF

B X 1

+

+

+ +

- Not

_ppli-
cable

- Not

Appli-
cable

SIGN

OF

X2

+

Not

Appli
cable

Not

Appli-
cable

CRITICAL

N4

N4

N4

GENERAL DYNAMICS
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The minimization logic presently built into the program restricts

its use to cases where _ = {) . This rlther special condition
P

will always result in the third tabulated combination (positive B,

positive X 1 , negative X 2 , critical N = N1 ).

P

D

Since only the general instability mode is evaluated using this

program, other possible modes of failure must be checked. For example,

the panel instability mode must be examined using the procedures of

Section 12.

The input format for program 3942 is shown in Figure 55. Symbols

used are shown in Table XXIV. Detailed discussion of input, card by card,

follows. Runs may be stacked.

CARD TYPg 1: One card per run.

Enter PROBID (problem identification) in columns 1-72.

Alphanumeric characters.

CARD TYPE 2: One card per run.

Enter NCASES (number of cases) as right adjusted integer(s)

in columns 1-5 (I5)o

Enter NRING (number of _R D/022 values) as right adjusted

integer(s) in columns 6-10 (15). 0 _ NRING _ 21.

Enter IRITPT (printout option) as right adjusted integer

NI' - Nain columns 11-15. Ir IRITPT_O , values of N 2, ,

and _4 will be printed out for all POINT cases in the run.

GENERXL D_NAMICS
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CARD TYPE 5:

CARD TYPE 4:

If IRITPT = O (or is blank), these values will not

be printed.

Enter IRIOR2 (printout option) as right adjusted integer

in columns 16-20. Same as IRITPT except applies to

TABLE and PLOTS cases.

There will be NRING/7 (rounded to higher integer) cards

per run. When NRING = O , there must be one blank CARD

TYPE 3 per run.

These are values used in automatt¢ sequencing for TABIJ&

and PLOTS options.

There will be NCASES cards per run.

Enter CASENO (case number) in columns 1-4. Alphanumeric

characters. Do not use column 5.

Enter OPTION (option for PLOTS, TABLE or POINT solutions)

in columns 6-10. If PLOTS, output values will be

calculated and listed for all combinations of the input

_R D/ values on CARD TYPE 3 and 301 internally generated¢22

a/Oil values. In addition, pl_ts of N vs. a/Dll for each

_R D/ value will be made.P22

Enter RINGSP (a/D) value in columns 11-20 (ElO.5).

Enter &TAS (¶s) value in columns 21-30 (ElO.5).

GENERAL DYNAMICS
lJ m iii
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Enter ETAP (II) value in columns 31-40 (EIO.5).
P

PR_'.SI_NT PI{OGR.kM LOGIC I_,._._UII_k_ TiIAT THIS VALUE

Be; ZERO (OR BLkNK)

Enter LONGRA (a/Pll value to be used in POINT option)

in columns 41-50 (ElO.5). May be blank if OPTION is not

_91NT.

Enter RINGRA (_R D/022 value to be used in POINT

option) in columns 51-60 (ElOoS), Hay be blank if

OPTION is not POINT.

Enter CR (C R) value in columns 61-70 (EIO. 5). If

_p = O , CR may be left blank even thou,_h CR_k O. C R wtlues

may be obtained from Figure 35 of Section 15.I or from the

program of Section 18.3.3.

A sample input coding form is shown in Figure 56.

Approximate execution times at the General Dynamics Convair 7094 DC._

installation were 2.75 seconds per a/OllValue for PLOTS option.

The output consists of a listing of all input and calcul_ited data

or listing plus plots depending on OPTION specified on CAI_D TYPE 4. If

T\BLE or PLOTS options are called for_ the listing includes a table of

501 a/ Dll values with corresponding values of B, Xl, X2, _ , _ , .ind the

mode of buckling. Double precision is used in the evaluation of 13, X

and X2 . A separate table is constructed for each value of (CR D/022

5pecified. For the POINT option, the same qu;tntities are listed but only

for the input a/Oll and _ D/P22 values specified on CARD TYPE 4 . A

sample output li'_ting of the POINT option is shown in Figure 57 for the

GENERAL D_NAMICS
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sample input data of Figure 55. Sample S.C. 4020 plots from the PLOTS

option appear in Section 15.2. Notation used in program 5942 vs. symbols

employed in Parts I and II of this report appears in Table XXIV.

basic flow diagram for the program is given in Figure 58 and a Fcrtran

listing of the program, including inpgt data from the sample problem

(Figure 56), is given in Table XXV.
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T kBLE XXIY - Program 3942 Notation

PROGR,hM R'_I'OHT

NOTtTION NOr_i'r[ON

B B

BETA

CASENO

CR C_

CRGAM C R y

ETAP
P

ETAS

FMODE

IFLAG

IPRNTX

ISTOP

LONGRA a/gll

NBAR

NO P

GEN_RiL DYNAMICS

Convair Division

N

D_3SCRI ['T I ()N

Discriminant of the quadratic equation

whose roots are Xl and X2.

Wave length parameter.

Case number.

Correction factor

Alphanumeric words for the 5 modes

(see block ddta).

1, 2, 5, 4, or 5 denotes mode to be

printed out.

IPRNTX(I) = O: print Xl and X2.

IPRNTX(I) = 1: print imaginary for

X1 and X2.

ISTOP = I at which stop calculations.

Longitudinal slenderness ratio. 301

generated for NOP = I and 2.

Number of cases.

Number of _ D/022 values input for

use with TABLE or PLOTS option.

Buckling load parameter.

Options: PLOTS NOP = 1

rABLE t_OP = 2

POINT NOP = 3

579
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TJ_I_ XXIV -_Pro!r m 3942 Notation (¢ont'd)

PROGRAM REPORT
NOTATI ON NOTAT I ON DF,SCRI PTION

OPTION

PROBI D

RINGRA

RINGSP

SCRGAM

SQRTCR

XI

X2

f_a D/P22

a/D

Xl

X2

PLOTS, T._BI_, or POINT

Problem Identification

Ring ratios0 input, up to 21.

Ring spacins/dtameter ratio.

2
Pl

2
82

GI;'.NEILtL DYNAMICS

Convair Divisio_
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l Orderc_D _!

card input data I _ _ lowest to

T i highest

Ge lae rate 301

a/9 ll values

fron_ 10 to 1000

ovonly _paced

relative to _e

tog scale

T i I [ -_ , I i

K =0 J _J _ 1 J for this case

_ CRY , B, _

identify mode

-

X 1 is negative _ N =rain (N3, N4),

X is aegative identify mode --_

identify mode

Calculate .....

X 1 and X 2

s neg ire identify mode

_A

Calculate /31 a_d'_--_

X 1 is positive and /32 and_l 2 . i

X 2 is positive N =rain {N1,N 2 ,N3,N4)
ideatify mode I

_. [ Ptot a Iaxnily of 1 z/_-_

./_:no. o_a -\" -. _/" CAS

Figure 58 - Flow Diagram - Program _942

GENERAL DYNAMICS
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TABLE XXV - Fortran Listin_ - ProKram 3942 (Cont'd)

'B

=_

J

$SL IlaP Lu4

SEAELCUlL
$1 b,aOB
$IbF1C [_A ll.,

I

LIbKrSCHLOT,SAVE

IuJOD

IOP]IONI

I_ISCI

CASLNOtCRpCI<GAMplLTAP,ETAB,L_JrJGRA(30.'),NHINGt

t_.INuRA{22), KIl_ObP, IF_ITPI ,IRIOR2

PLOIS, PLOT, PO IhI,ThE!LL

IFLAG(302) , ISTOI_,KOF, J

bliv,Lj,_SIOl_Pi-ROi_ID(12)

LJOub_F PI_tCISION CI_O_M,LONGRA

5U

bl

IOO

lUi

lbU

ibl

w_.Ou

.)Ub

,..iO },

4UU

DUU

_uu
uOl

Tub

2uUb

$ID_IC

LAUd,. _LTfV_I_/ (50,U,16U,I?6)

L._LL bI4X_'_ (1,0)

t-:L_U (5,1UI) (PRO_I[]{I),I:I,12)

FOr_' _l (i2AO)
_.RIIc (6,1tJ)) (Pt_.OHIIp(I)_Izl,12)
ku,xl.:,_l (iF_,I.,2U(/),IgX 8_.HTHIELF..NaI,,INL_;'AALLDEFLECTION S(JLUTIOI'4 FOH

*bIAL_ILIIY OF ORTtIOTRvPIC CIRCULAN CY'LII'JDEIRS I0(/), 3UX,I_A6 )

RL_D (b, _.U.I.)NCASES,14RING,IRITPT,IRIOR2

FUKu_T (415)

_<L_b (b,..IU.l.)(RII_uRA(J) ,J:I,NRIf_Ib)

FC,_,_HI (7L_It].b)

iF {,_I[_._T.I) tALL ORDER (),IRINu,RII_GRA)

C_luu bI'J'_AIE (LONGRA)

bL_ _uUU _FADzI,I_CASL5

___u (b,_bl) CASEINO,UPTIOh,RII'_uSR,ETAS,ETAP,LON6RA(3U2),kINGI_A(22}

£ ,CR

(_UIP--u

t_ {vLOTb. EQ.OPT1Oh) NOP:I

IE {IAULL.LG.0P3ION) NOP=2

IF (_IhT.FQ.OPTION) NOP=3

IF {F_OT .C¢.OPTION) NOP=I

IF (,,_P.r.._.(;) GO TO DO0

bO I _ 7OU
,.,RIIc (t,,uul) CASENO
FC,tK,_:AI (///P, TX,31ttOPi tON GIVL.r4 INC(DRiiECTLY_ CASE AS, bH DELETLD)
bO It, 2DUo

(,-ALL CALL_

u_ it, lOu

bL,.,_.,r_ uA I A

C(;,v,,_,, IUPTIOI4/ PLOIS, PLOT,PuII_I,T_AOLt_

L L,.',_-_,,. /_.UL,E/ FF¢OUE (5,2)
L,A i,_ i'L_JtS, TABLE, P(JINT, PLOT

1 / bY{PLOTS, 5HIAULE, b_tP(;_14"[, _tPLOT /
L_I,,._ [ {Fr_OL)E{I,J),J:I,2),I:I,b)

l / ___h CHK, _tRSOARu, 0t_ Lt!K_ 6HRDOARD_
2 _.)_ AX, oHISYM , off _ER, 6HO f]ETA,

3 01"_ INDE, ,_HFIr_I TL I

LI _,.p

GENERAL DYN_MI C$ 382
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TA.BI,_

$1_FTC NuA_I

UOU_LE PI_ECISION

• EIAS)

_OUbLu PHECISION

NBA_I =DS_RT{ (

1 • CRGAM *

2 ( I. + 2.

REIUIiI_

ENU

$1bFTC ORULR LIST

C

C

ubu

$1bF_C

$1UFIC

GDC-DDG66-O08

XXV - Fortran Listing - Pgograa 3942 (Cont'd)

FUNCTION NBARI (ETAP,SQRI"CR,SCRGAM,BETA,CR6AM'

SQRTCR,SCRGAM,BETA,CRGAN

1. + {2. * ETAP * {I./SQRTCR) * 5CR@AM

BETA**_ ) /

• ETAS * RETA**_ + BE_A**_ } )

SUUkOUTIi_L ORDER (NRING,RINGHA}

DIKENSIOI_ RINGRA(22}

SUBROUTINE TO ORDER RING RATIOB FROM

NRINbl=NMING-I

DO obO N=I,NRINGI

IEMP:RINGRA(N)

Ni:N+I

ITHA._S:O

DO buO NN:NI,NRING

IF (TEMP.LE.RINGRA(NN}) GO TO bOO

ilHAN5:I

NDLANK:NN

TE_H:HINUkA(NN)

CONIINUE

IF (IIRANS.EQ.O} GO TO 650

RIN@RA(NbLA_K):RINGRA(_J)

RI._bt<A(N}:IENP

COI_IlNUL

RLTU_l_
END

GNRAIE
SUbkObllhL GD_RATE(LONGRA)

bO_bl.L PRECISION LCNuRA,TOTHRD,EXP

DI_Li,lblOh LCNGRA{302}

LOWEST TO HIGHEST.

5UukvUTI_L TO GLNERA]E

EVLNL_ SPACED RELAXI_E

IC'IHI<O : Z./300,

L_NGHA(1):IO00o

LONbKA(3UI):IO.

_0 _UU I:I,299

11:3ui-I

LXP : 1.u * FLOAT(1)

LONb_A(II) = IC. **
COi_l [hUE

LO,_bI<A (151) :100_
kE lUH,_
LNU
CALC LIST

5UoHUUTINE CALC

I

C C,._.I"Uh IOUTF'TI

(.OivNui_ /_vlODE/
CO,Vt,'uN l_,_ISCI

COIvN_jH /kTOPT/

GENERAL DYNAMICS

Convair Division

301 VALUES OF LONGRA FROM 10 TO i000,

TO THE LOU SCALE.

* BETA**2}

* TOTHRU
_XP

CAS_NO,CR,CHGA_,ETAP,EIAS,LONGRA(30@),NNING,

RIN_RA(22),RII_GbP, IRITPT,IRIOR2

UETA(302},NUAH(_O2),B(302),XI(302},X2(302},

IPR'_Tx(302}

F_OUE(5,2)
IFLAG(302),ISIOH,NOP,J

NBA_I,NBAR2,NDA_3,tlUAP4,1RIT

383
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TABI_ XXV -. Fortran Llating - Program ;3942 (Cont'd)

bOuuLL P_ECISIOt% LON_RA,CRGAMp_Qt_TCR,SCKGAM,NBAIRI,NBARP,hBAR3,

, N_AK_, NBARI, B, DIV, XI, X._,BETAI ,BETA2, RETA, NUAR

SUbR_uTI(wE TO COMPUT_ THE OUTPUT VALUES.

U¢ IO {IuU,IO0,1@5), NOR

lOO Ii:I

IZ:3ul

_2_i_J_ING

O0 l_ 20u

L25 II=_02

12=Su_

Jl:_c

_OO DO _UUU _:Jl,d2

IF {IRIO_2.NE.O .AND. NOP.NE.3) _0 TO 204

O0 Iv 207

_U4 WR_IL (O,20b) CASENO,RINGRA(J)

_Ob FUK_,AI (IHI,2b×,2bHIi_TERMEDIATL VALUES FOR CASE A4,j6H, CORRECTED

I houP SLEhDERNESS RATIO z, IPuII._ /// _X,12HLONBITUDI_AL / bX,

2 I_hSLEhuERNESS / 7X,bHRATIO,17X,THN RAH 1,21X,THN BAR 2,21X,

J 7_!_ _AR 3,21X,THN BAR _ // )

Conwair Division _84
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bOU

C
C
C

bUu

_bU

ot_u

o7U

C
C
C

70u
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TABLE XXV - Fortran Llstin K - ProEr,am, 3,942

(I.-CR_AM) - DS_RT(B(I}} ) / UIV

IS _t U_ X2 NEGATIVE

h_l=I
NXL=i
IF {_1(I).6E.0.) hXl=2
IF (A_(1)oOE.0o) NX2:2
IF (,,xl.h_.2 .Ahb. Nx2.EG.2)
IF (NXI.EQ.I .ANO. _A2.E@.2)
IF (_,XI.Lu.2 .AND. Nx2.EG.I)

GO TO luO0
GO IO 600
GO TO 7UO

bOfM Xl AND X2 ARE NLGATIvE
hOAi<(i) : UMINI(NBARS,NBAR#)
iF {NbAR(I),EOoNBARS) IFLAG(I):3
IF (NOARil).EQ.NBAR4) IFLAG(I)=4

IF (I_uAR3.LQ.NBAR4) IFLAG(1):5

IF {IRIOR2.NE.O .AND. NOP.NE.3) wRITE

l_il:I
O0 TO 20uo

(b,210)

(Cont'd)

LONBRA(1),NBARS,
NBAR_

Xl Ib NEbATIVE AND XZ IS POSITIVE
UEI_zDSeRT(X2(1))

hbAK_ : hbARI(ETAP,SuH_CR,SCRGAM,BETA2,CRGANPETAS)
IF (IklO}_2.hE.O .AND. NOP.NE.3) w,RITB (b,211)

IFLAG(I)=5

IFLAG(I)=5

IFLAG(1)=5

IMIl:2
bEIA(I) = bETA2

[,4bAK(t) : D_INI(NBARz,NBAR3,NBAR4)
IF (_,bAR(I).EO.NbAR2J IFLAG(1):2

1_ {i,uAR(I).EQ.NBAR3J IFLAG(1)=3

IF (I_A_(I}.EG.NBAH4) IFLAG(t)z4

IFziFLAG{I)

bO lu (6bO,6bO,6bO,670), IF
IF li_bARZ.E_.IJBAH3 .UR. NBAR_.tQ.NBAK4)
_ I_ 20UU
IF li,UAtRJ.LO.NBAR2 .uR. NBAR3.cO.NBAR_)
bO Jb 20uO

IF (i_uARq.mQ.NBAR2 .OR. NBAR4.LQ.NBAtR3)
bO t_ 20UO

xI IS POblfIVE AND X_ IS NEGATiVL
DLIAIzbS_T(XI(I))

hbAt, i z i_DARI &TAP,SuRTCR,SCNGAN,HET_t,CHGAM,ETAS)
IF (I_ICr,_.NE.O .AhD. PIOP.NE.3) wRITL (b,212)

IFLAo(1):b

lr, llzJ
uLl_( i ) : UETAI

I_L,Akti} - {JUlf,I(I'_fdARI,I+BAR3,r,IBARq)

IF I_,uAI;(1).CQ.NBAP, 1; IFLAG(1)-I

IF (I,UAI<il).EC,.NUARS) IFLAG(1):3

IF (r, uA_iI).EL_.NbAR4) IFLAG(i):4
If -'[FLAO(1)
L,(, Ib (TbU,7bd,Tou,77U), IF

7bo _ (l_!;_i.L_,.;,dAk3 .uH. NBARI .Lb.l",P_A_q.)

GENERAL DYNAMICS

Convair Division 385

LONGRA (I ),hRAR2,

NBAR3, NBAR4

LONGRA(I},hBAHI,
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C
C
C

C
C

C

TABLE XXV - _ortran Li, sttn_ -,program 3942

HO I_ 20UU

7uu IF (_oAHb. E_.I_ARI .OR. NBARS._Q.NSA,4) IFLAG(I)=5

HO I_ 20UU

770 IF {_ARW,L_,NBARI .OH. NbAR4.LQ.NRA_3) IFLA6(!):5

bU l_ 2OUU

(Cont 'd)

Xl AJ_U X_ AF_ BOTH P_SITIvE

LOUU ULIALZbS_I<I(Xl(1))

B_I_zDS_HI(X2(1))

i_AKi : I_bAR;(ETAP,S_R!CR,SCRGA_PBET_I,CHGAM_ETAS)

l_U,k_ : hDAHI(ETAP,S_RTCRpSCRG_NPBETA2,CRGAN,ETAS)

IF (IRIOH2.r_E.O .AND. NOP.NE,3) _HITL (b,213) LONGRA(1)PhBARI,

• NBAR2,NBAR_,NBAR;

Ik11=4
i_b_,4_1) : _I{_I(huAk_,NBAR2,NBAH3,_BAR4}

IF (,_A_(1).E_.NbARI) GO TO IlUU

IF {i_AR{I).EQ.NBAR2; GO TO 1200
1F (I_UAR(1),EQ.NbAR_) GO TO 1300

IF (_,UA_(1).EQ.NBAR4) GO T0 1400

llOU iFc_u(I):l
_EIA(I}:bETA1
IF t._DAR1.EQ.NBAR2 .OR. NBARI.EO.NBAR3 .OR. NBARI.EQ.DJ_AR4)

• IFLAG{I):b
bO I_ gOuo

I_00 iFL_(1):2

bEIA(1)z_ETA2

If _I_UAR2.EG.i_BAH1 .OR. NBARg._Q,I_BAIx3 .OR. I'_BAR2.EO.N_ARW )

• IFLAG(1):5
_6 I0 2000

1SOu IF_0(I):5
IF (i,_AR_.EQ._BAR1 .UR, NBARS.LQ.NBAR2 .OR. NBAR3.EQ.NUAR4)

• IFLAG(I):5
O0 10 2000

1400 IFL_{ I):4

iF (,_UAR_.E_.I_BARI .UR. NOARWoLQ.NBA_2 .OR. NBAR4.EQ.N_A_3)

• iFLAG(1):5

IS I_uAR LQUAL TO ONE YET

2UOU IF {i_AR{I).E_.I.) GU TO 350_
3UO0 CGNIINUE

3bUO ISIu_':I

CALL uU_PU]

IF (_w_P._G.I) CALL StPLOT

WUUU CC(_III_UE
_<LTUK I_
L_

$IuFTC St_COT LISI

bU_KbUTI_,E 5CPLOI

/INPUT/

I

COlVi_hi,

LOM_uIJ

/OUTPT/

/N15C/

_IV_i,SlOI_ LNGRA(302),NHR(302)

buuuLL PI_LCISION CRGA_,LOt;GRA,u,AI,X_,BLTA_H_AR

CAS_r_O,CR,CHGAN,ETAP,ETAS,LONGRA(30_),N_xING,

RlhUHA{22),RINGbP,Ik_ITPT,IRIOR2

8ETA(302),NDAH(502),B(_O2)_XI(302),X2(362),

IPRNTX(302}

IFLAG(302),ISIOP,NOP,J

G_ZRAL DYNAMIC_ 386
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Idd ,I.N, LNGRA ,INB_
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Fortran Listin£- Pr ojlra m 3942 (Coat 'd)

SUU_(uUTII_E. TO PLOT _UAR VS. A/HHQII FOR VARIOUS RING RATIOS,

IF (.J.NE.I} (_0 TO gO

SET uHIO

CALL L_HIDIV (4,lO.wlUOO.pO.,l.IPl.t.U2POwSf-lOP-5PSP_)

Pklhl A/u AND ETA S AT lOP

CALL PHINTV (-24,24HKING SPACING/DIAMETER

CALL LABLV (RINGSPp299,B76,Gwlw2}

CALL PRINTV (-12, 12HETA SUB S = ,85b,876)

CALL LABLV {ETAS,g51,876,7,1,3)

- ,91,876)

PRII_I N UAR DOWN SID_

CALL APRWTV (O,-14p-b, SHN BAHwbPb38)

PHIhl _AIN TITLE AT _OTTO_

CALL IIITE2V (18g,77,_O23,gO,I,40,-I,WOHCRITICAL COMPRESSIVE LOADIN

*b CULFFiCILNT,NLAST)

CALL NITE_V(2?g,qb,IU23,gOplp3u,-If30HFOR THE GENERAL INSTABILITY

_OF,I_uAST}

CALL RITEZV (297,13,1023,90,1,28,-I,_SHbTIFFENED CIRCULAR CYLINDER

*S,NLAbT)

PL_l CURVLS

9b uC IuU Itzl,ISTOP

LhuH_ (II }:LONGRA ( I I )
[_bH (I i)zNbAR (II )

£Ub CON1 ll_UL

_0_ IF (ISTOP.EQ.I) GO TO 700

LR=LNGRA(1)

IXIcNXV(LR_

h_=NuR(1)
IYi:14YV(hb)
b_ ou_ I:2,1bTOP

L_zLN_RA{I)

IXZ=I_XV(L_)

NU=NoN(I)

IY2=NYV(I,t,)

DO bUU Nhzl,3

bUU CALL LINLV (IXI,IYI,IX2,IY2)

IXizlx2

IYI=IY2

bOO CONTINDE
lOu CONTINUE

IF (J.NE .NHING) RETU_<_

C

C RL_I LUI uFF LIbeL AT 1.0 FROM
IXI:I_XV(IU.)

IYzNYV(I.U)

uO _UU LL:I,_

oWU CA_L LIhLV (IXL,IY,Ix2,1Y)

RL|UKI_
Lb_

$1oFIC uUlFUT LIST

5UjKUUIII,E OUTPUT

CGil_vivi,

X:IO TO X OF LAST POINT PLOTTLU,

/I,_PUT/ CASLr_O,CR,C_(G_FA,ETAF,ETAS,L(JNGRA(3OP),NHING,

GENERAL D_ANIC$
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Fortran ListinK - Program _942 (Cont'd)

RII'_RA(2_) ,_IHGbP,Ii_ITP_,IRIOR2

bETAi302),NBAh(.302),i_(.302),XI(3U2),X2i3U2),

IPR_IX {302)

F _OwJF..(5,2 )

IFL_G(3B2) ,iSIOF',KOH,J

I_I-_A_I,NBAR2 ,tl_Ai,i3,IJUAR4, IRIT

I_DAHI, NBAR2 wIIUAH3, NuAR4

CIRG_M, LOb GR A, _j,,,,I, X/, NUAR, BE TA

TABLE XXV -

1
Luiv.l_v,_ /uUTPT/

w_

CO,v,,,,vH /_,ODEI

O bi¢ I_,U i,i tf,il SC.I

C.t] icili, mi i IPTOPTI

L,L,Ou Lr_ PliEOI5 lob

UUOL)LL _'r(Li..I 5 I Oh

StJutXbulli,E TO PRIhT uUTPU'T FOH EACH o VALUE

IF i_.EG.I .OR. J.EQ.22) GO lO 7b

bO I _ _SU

7b IF (ci_) 11"5,125,100

IUO i,kll_ ((_,I01) CASENO,RINGSP,ET_S,ETAP,CR

IUI POi<Iv,_l (IHI, 9X,4HCASE,18X,BIINON-DIM. I IOX,3HNO.,IbX,

I IZHRING 5PACING,I_X,gHF_TA SUu S,19X,9HETA SUb P,iOX,

;" 7hC SUB H I/ 8X,A,,IP@(-2o,q /// 22X,9HCORRECTEU / qX,

3 12HLOi_GITUDINAL,SX,qHHOOP / :jX,11HSLENDERNESS, bX,

# IIHSLENDCRNEbS / 8X,bHRATIO,IIX,SHRATIO,12X,IHu,15X,21_Xl,

b IBA,2HX2,13X,4HUETA,IIX,bHN uAR,12X,4HMODE //)

oo I_ lq.U

1_5 _f_IIL (6,120) CASFNO,RINGSP,F..TAS,ETAF _

1.P,b FUhI'.AI (IFil, 9X,4hCASE,IOX,8_NvN-DIM. / IOX,3HNO.,16X,

I IZHRII_G SPACLNG,I_X,c)HLTA SUu S,19X,gHETA SUL_ H,_OX,

,_ 7!iC SUB N /I 8X,Aq.,iP3L2o.q /// 22X,9HCORRECTEU / qX,

._ 12 _LOhGITODIi_AL,SX,WHHO0_ > / bX,IIHSLENDERNESS,bX,

q IIhSLEtqDERNEbS / _X,bHHAllC,IIX,SHRATIO,12X,IHI_,ISX,_HXI,

14A_EHX2,13x,qI_IETA,IIX,bHK oAR,12X,qHNIODE /I)

VEIo.w, IP5blt_.q.,_.X, 2A6 )

PElt_.4-, IPSblt,.q., l_oX, IPDlo.q.,_X, 2A6 )

PEIb. W,IP3uI_._,IOX,IHO,bX,IPDI6.4,_X,2AO)

PEIb._, IPDI6._, 6A, gFiIf_AGINARY, 7X ,O_IIW.AGIhAHY,

_X,2A6)

_Elb. q.,IPDIO._, 6,',,9HI_AGINARY, 7X ,gF_IMAGII_AHY,

HOlb. W, _ X ,-Ao )

FL,,<;,,',ISTAIE_VEN

luuj FL_h_,_I (IA,IPDI

luO_ PO_,_l (IX,JPOl

2u'03 FO_iv_l (IX,I_UI
* 17X, IPO

2UL_ FO_-,,_I (iX,IPdl

* fiX, li-iO
3bOl FU_.+_l (odA,ll'2

3OU_ F_i<.,_l (-'7X, IF3

3bO3 f-t_,lK,,,_l (IX,IPL>2

3OU_ F--u_;,,,_i (I;,,,IPD2b.lb,lP3D33.1bi

1gO IF (.,,u_-J.r_E.3}GO TO /50

lt)u

TS

4.q,l

_.4,1

_.q,l

l_.q,

_.4,1

,5X,I

D33.1b)

D33.1b)

6.15,O3X,IP2OD3.1b)

I'_11.I CPIION

IFcIFLAOi3U2)

_ {LP_r_IX(302).E_.L) GO I0 _Ou

oU I_ (l_b,LbO,160,l_u,lbO), I_

_il_ (o,IO01} LONGR_(302i,hlNuR_i22),B(502},×I(302),X_(3021,

* BEIA(_U2),rIBAH(oU_),F_OOL(I,I),F_ODE(I,_)

i_ ti,,llFT.t_E.Ol GO TO 235

_l,,il_ (b, lUt]3) LONGRAi302),RINbR_(22),BI302),XI(302),XE(302i,

, NUAR(DO2I,F_6_EiIF,I),F_UOE(IF,2)

IF (I,,I:_'I,NE,O) GO TO 235

i_L I _,_

Convair Division
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TABI_ IXV - Fortran LtmtinR - pFoEram 3942 (Cent'd)

* NBAR(302)tFMOUE(4pl)tFMOOE(q,2)

IF (lklT_T.NE.O) GO IO 235

REIUHN

_00 GO IO (2@0,220,220,230,220}, IF

220 WRITE (6,2003) LONGRA(302),RIN@RA(22),B(IO2),NBAR(302),

, FMODE(IF,I),FMODE(IF,_)

IF (IRITMT.NE.O) GO TO 235

REIUhh

@30 _RITE (6_2U04) LONGRA(302),RIN@RA(22)tB(302),NBAR(30@)p

* FMODE(WPI)tFNODE(_,2)

IF (IHITPT.NE.O) GO TO 235

RETURN

2_5 WRITE

230 FOH_AT

GO TU

_WU WHILE

HETUHN

_W2 WRIIL

RETUHN

_4W wRITE
RElbkN

240 WRITE (6,3004)
HEIL_N

(6,236)
(111 13X_THN _AR It26X,7HN
7hN BAR 4 // )

(2_O,242,244,2_b)tIRIT

(6,3001) NBAR3tNBAR4

BAR 2,26X_7HN BAR 3,26X,

(6,3002) NBAR2,NBAR3,NBAHw

(6,3003) NBARI,NBAR3,NUAMW

NBARI,NBAR2,N_AH3,NBAR4

TAdLE OR PLOTS OPTION

2bO DO 4uU I=I,ISTOP

IF:IFLAG(1)

IF (IPRNTX(1).EG.I) bO

bO Iv
000 _RiTL

60 lO

_0 Iv _O0
_20 _kllL (6,1004)

GO TO _OO
_50 UO IU (3bO,3bO,300,370,360

* FMODE(IF,2)

,_70

400

bOO

b01

TO 35U

(3UV,300,310,320,310), IF

(_,IO01) LONGRA(1)_RIN_RA(J),B(1),XIII)_X2(1),_ETA{I},

N_AR(1),FMODE(1,1),FMODE(i,2)

WOu

(6,1003)

bO To wOO
W_ITL (b,2UOq)

COl_I INUE

LONGRA(1),RINORA(O),B(1),Xl(1),X2(1),NBAR(1),

FMODE (IF,I),FMObE(IF_2)

LONGRA(1),RINuRA(J),B(I),XI(1),X2(1),NBAR(1),

FMODE(W,1),FMODL(_,2)

LONGRA(I),R

FMUDE(W,2)

), IF

INGRA(J),B(1),NBAR(1),FMODE([F,I),

INOFIA(J),B(1)_NBAR(1),FMODE(_,I},

WHITE (b,501) RINGRA(J)

FOH_AT (o4X,b3_NO FURTHEH CAlCuLATIONS FOR

ESb _ATIU : ,IPEII.4 /// )

RETUKN
LhU

_N_ ur FILE OR DATA CARD DATA FOLLOWS

SPECiMEI_ I-L OF HEFERENCE z9 USING SECON_

I u u 0

I Puli_T/.77uc -021._7_0

CORRECTED HOOP

ITERATION ST IFFNFSS

+00 2.9039 +0t3,7282 ÷U2

SLENDERN

F ACTORS

G£NERAL DIIWA_II C8
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18.3.2 Langley Solution - The solution of reference 5 for

general instability of stiffened circular cylindrical shelis was

programmes to give a method for evaluating the effects of stiffener

eccentricities and to provide a means for investigating interaction

between circumferential and longitudinal loadings. The program is

identified as General Dynamics Convair Program No. 3962. The analysis

approach is discussed in Section 7.2.2 and the program is applied in

Section '7.3 to study test data comparisons. The program was also used

to obtain the interaction results of Sections a.5 and 8.4.

The stability relationship programmed is equation (15) of

reference 5 which relates the applied longitudinal and circumferential

running loads (N and N ) to m (the number of half waves in the buckle
x y

pattern in the longitudinal direction) and n (the number of full waves

in the circumferential direction) as follows. The program simply allows

for input of N (or N ) (+ compression,-tpnsion) and m and n values
y x

for screening. The minimum N (or N ) value for the combinations of
x y

input m and n values is found. Integral or non-integral values may

be used for m and n . Care must be exercised to ascertain that the

minimum strength buckle pattern does not lie outside of the range of

m and n values screened.

The governing stability equation is (refer to Table XXVI

for definition _f symbols):

I

GENERAL DYNAMICS
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IK
+ --_'33 + ' "2 +

\ 'IIA22 - AI2 / ''13

(]8--)

in which

A
11

= X ., + @) + Gxy- ]Ix' _ 'Y

A12
I; _ 'E

= 3" x

- lax' _. 'Y

_x'Uy

5

A22 = GxY 1 - Ux'_y'

A
23 I ___& T I{ :. "r=_ _ , ,+ - +_7 n

l _x _y

3
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The input format for Program No. 3962 is shown in Figure 59.

Symbols used appear in Table XXVI. Detailed discussion of input, c:ird

by card, follows. Runs may be stacked.

CARD TYPg 1:

CARD TYPE 2:

CARD TYPE 3:

One card per run.

Enter the problem identification (any alphanumeric

characters) in columns 1-72.

One card per run.

Enter NCASES (number of cases) as right adjusted integer(s)

in columns 1-5.

Enter PRNTOP (printout option) as right adjusted integer

in columns 6-10. If PRNTOP = O (or blank), only output

corresponding to minimum N are printed, If PRNT01' = I

(or_O), all output associated with each m and n

combination screened are printed including the A.. v__lues
13

used in equation (18-2).

One card per case.

Enter CASEN0 (case number) as right adjusted alphanumeric

character(s) in columns 1-5.

Enter LOADIN (loading condition) in columns 6-10 with the

symbols:

m_

CO,_¥ if N
Y

_,m_y _ f N
X

Enter bilNM (minimum m

11-20 (EIO,5). MINM > O.

value input on CARD TYPE 3

value input on CARD TYPE 5.

value for screening) in columns

GENERAL DYNAMICS
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CARD TYPE 4:

CARD TYPE 5:

Enter MAX_ (maximum m value for screening) in

columns 21-30 (BlO.fi).

Enter D_,TAM (&m) in columns 31-40 (ElO.5).

Enter MINN (minimum n value for screening) in

columns 41-50 (glO.5). M[NN > 0 for COMBX.

MINN m 0 for COMBY.

Enter MAXN (maxlm_m n value for screening) in

col,uans 81-60 (EIO. 5).

gnter DELTAN (An) in columns 61-70 (ElO. 5).

One card per case.

Enter RADIUS (R, cylinder radius measured to mid-

surface of skin ,in.) in columns I-I0 (EIO.5).

Enter LENGTH (a, overall length of cylinder, in)

in columns 11-20 (E10.5).

Enter STRSP (d, stringer spacing, in.) in columns

21-30 (E10.5).

Enter FRAMSP (_, frame spacing, in_ in columns

31-40 (EIO. 5).

One card per case.

Enter EX (E
X I

Enter EY (E.,
Y

Enter DX (Dx,

Enter DY (D,
Y

Enter GXY (G
xy

Enter DXY (D
xy

Ibs/In) in columns i-I0 (EIO. 5).

Ibs/in) in columns 11-20 (EIO.5).

1b-in) in columns 21-30 (EIO.5).

1b-in) in columns 31-40 (EIO.5).

, Ibs/in) in columns 41-50 (ElO.5)

, 1b-in) ,n columns 51-60 (EIO.5).

GENERAL DYNAMICS
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CARD TYPE 6: Ome card per case.

CARD TYPE 7;

Enter PRII_X (_x') in columns I-I0 (El0.5).

Enter PRII@dY (_y') in columns 11-20 (E10.5).

Eater HX (_x) in columns 21-30 (E10.5).

Enter MY (_y) in columns 31-40 (EIO. 5),

One card per case.

CARD TYPE 8:

Enter ES (Es, psi) in columns 1-10 (EIO.5).

Enter GS (G t psi) in columns 11-20 (EIO.5).
8

Enter AS (A _ in 2) in columns 21-30 (E10.5)°
s

Enter IOS (! , in 4) in columns 31-40 (ElO.5).
o

s 4
Enter JS (J , in ) in columns 41-50 (EIO.5).

S

Enter _BARS (_s' in) in columns 51-60 (ElO°5).

One card per case.

Enter ER (gr, psi) in columns i-IO (EIO.5).

Enter GR (Gr, psi) in column8 11-20 (EIO. 5).

in 2) in columns 21-30 (EIO.5).
Enter AR (Art

Enter IOR (I , £n 4) in columns 31-40 (El0.5).
O

r 4
E_ter JR (J , in ) in columns 41-50 (EIO.5).

r

Enter ZBARR (Zr' in) in columns 51-60 (El0.5).

An input coding form for sample data is shown in Figure 60.

Approximate execution times at the General Dynamics Convair 7094

DCS installation were .002 seconds per combinut£on of m and n screened

if PRNTOP = O and .O2 seconds per case if PRNTOP_O.

D
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!

The program output consists of a listing of all input in addition

to calculated results. The calculated results for PRNTOP=_O consist

of an N (or N ) value and the associated
x y

for each possible combination of input m

table is established showing the input N
Y

m , n , and A.. values
xj

and n . In addition, a short

(or N ) , the minimum calculated
X

(or N ), and the n:amber of longitudinal and circumferential half waves
x y

(m and 2n). An indication of both sensitivity of the critical loading to

buckle size and whether the selected minimum value is a relative minimum

value is obtained by evaluating N (or N ) for (m, n-l), (m, n+l),
x y

(m-l, n)1 and (m+l, n) where m and n correspond to the minimum
X

(or N ) value found. Note the limitations of meaningful values of
Y

m and n in the CARD TYPE 3 discussion. A sample page of output listing

is shown in Figure 61 for the sample input coded in Figure 60. Notation

used in program 5962 vs. symbols employed in Section 7.2o2 of this report

and in reference 5 is given in Table XXVI. A basic flow diagram for

the program is shown in Figure 62 and a Fortran listing of the program,

including input data from the sample problem (Figure 60), is given in

Table XXVII.

! GENERAL DYN._I I CS
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!
PROGRAM

NOTATION

AR

AS

COMBY

D

DX

D¥

DXY

DELTAM

DELTAN

ER

ES

E_

EY

TABLE XXVI - Program 39d2 Notation

REPORT

NOTATION

A
r

A
S

D
X

D
Y

D
xy

Am

_n

E
r

E
S

E
X

Y

DESCRIPTION
i

Cross-sectional area of circumferential
2

stiffener_in .

Cross-sectional area of longitudinal

stiffener, in 2.

Case number.

Indicates
X

N .
Y

Indicates N
Y

X

See STRSP.

value input, solve for

value inputt solve for

Bending stiffness of skin in longitudinal

direction, Ib-in.

Bending stiffnesg of skin in circum-

ferential direction, Ib-in.

Twisting stiffness of skin, ib-in.

Value by which m is incremented.

Value by which n is incremented.

¥oung's modulus for circumferential

stiffener_ psi.

¥oung's modulus for longitudinnl

stiffener, psi.

Extensional stiffness of skin in

longitudinal direction, Ibs/in.

Extenslon_l stiffness of skin in

circumferential direction, Ibs/in.

! GENERAL DTNAMICS
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PROGRAN
NOTATION

i

TABIJ& XXVI ,_. Pro_rqm ,3,96a Notation (Cont'd)

R&PO_r

NOTATION DF_CRI PTI ON

ER_RL

FR_SP

FMPIA

F_NY

GR

GS

GXY

IOE

I05

JR

JS

LI_qGT_

L_ADIN

HAXM

ErAr/$

m_/a

1-_x ' _y '

G
r

G
S

G
xy

I
O

r

I
O

S

J
r

J
a

a

Frame spacing, in.

Shear modulus for circumferential

sti ffener_ psi.

Shear modulus for longitudinal

stiffener, psi.

In-plane shear stiffness of

akin panel, lbs/tn.

Moment of inertia of circumferential

stiffener cross-section about middle
4

surface of skin, in .

Nomont of inertia of longitudinal

stiffener cross-section about _.iddle
4

surface of skin, in .

Torsional constant for circumferential

stiffener, in 4.

Torsional constant for longitudinal

stiffener, in 4,

Length of stiffened cylinder, in.

Option describing input loading:

¢OHBY or COHBX.

Naximum value of m used.

GENERAL DTN._J<IC$
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TABLE XX_rf - ProKram 3962 Notation (Conttd)

PROGRAM
NOTATION

REPORT
NOTATION DESCRIPTION

MIB

MAXN

MINN

MY

NBAR

NCASES

NOP

PRIMHY

PRNTOP

PROB ID

RADI US

X

_X

m

N

or
Y

•t_x t

_y

m

R

Minimum value of m used.

Maximum value of n used.

Minimum value of n used.

PoissonWs ratio for bending of skin

in longitudinal direction.

Poissonts ratio for bending of skin

in circumferential direction.

N or N (+ in compression) Ibs/In.
x y

Number of cases.

NOP= I used for CONBY
NOP= 2 used for COHBX

or N input, lbs/in.
x y

PoissonWs ratio for extension of skin

in longitudinal direction.

Poi_sonts ratio for extension of skin

in circumferential direction.

Printout option. If PRINTOP = 0 (or

blank) t prints only output associated

with minimum value of N calculated. If

PRNTOP_01 prints output for all com-

binations of m and n values screened.

Problem identification.

Radius of cylindeG measured to mid-

surface of _kin, in.

G_NERAL DI'NAblI C_
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TABL_ XXVI - ProKram 3962 Notation (Cont'd)

PROGRAM

NOTATION

£TORKM

STOREN

STRSP

TEMP

ZBkRR

ZBARS

RKPORT

NOTATION

d

z
r

i

z
s

DESCRIPTION

• for minimum N .

n for mlni•um N .

Stringer spaclns, in.

Relative minimum N .

Distance from middle surface of skin to

centroid of circumferential stiffener,

in., positive if stiffener is outside.

Distance from middle surface of skin to

centrold of longitudinal stiffener in.,

positive if stiffener is outside.

|

GENERAL DYNAMICS
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<

i Read Initial 1data

4_. _

I LOOP=O

Read card input ]for this case

COMBY

,
Calculate N for all combi-

x
nati ons of m and n. Find

minimum N and corte-
x

sponding m and n.

Calculate Nx fer:

(m, n-l)

(m, n+l)

(m-l,n)

(m+l,n)

<JOnfl ,-_-_ C OM BX

Calculate N for all combi-

p_ations of Yand n. Find

minimum Ny and corre-
sponding m and n.

:print ]

results [

Calculate Ny for:
(rn,n-l)

(Ill,n+l)

(m-l,n)
(re+l,n)

<

Figure 62 - Plow Diagram - Pro_r@m 3962

GENERXL DYNAMICS
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TABLE _(XVII - Fortran ListiaK - Program 3962

P

$1bdUb

L Oi'vimUf _

1

luOOt_

(..ASF,,|O,LOADIN, MII,M, MaXM,DELTAM,t_INN,NIAXN, DELIAN,

HADIUS, LEr_GTII, STRSP ,FRAI_SP, EX ,EY ,DX,L)Y, GAY wU)_Y,

PRIMMX ,PRIMt_y,_IX, MY ,FS,b5, AS, IOS,JS,/_.B_RS,EH,GfR,

AN, li_H,JH,ZBARN, hOP ,PI,PRHTOP, NXORNY

ibu
IUl

.'Oi

JUl

.SUb
31U

,JSU

4bU

bUU
bUU

luuu

$1bFIC

bIPiLI,SION PRGUID(12)

hEAL MINM,MAXN,MINN,MAXN,LENbTH,MX,N_tIOS,JS,IOR,JR,NBAR,NXOfdqY

I{_IL_ LUMUX,CO_BY

DAI_ CGVGX,CGMBY /5flCO_!BX_51"ICOMBT/

OAI_ Pi / 3 •1u,15926/

RE_L_ (5,1ul} PHOt31D

FOHivi,-,I(12AG}

,_HIIL. (O,2UI) PROL_ID

FOH_,Af (IHI,2U(/),58w,,1bHL.ANuLLY SOLUTION 10(/),30X,i2A6}

_CAL; (5,301):_CASES,PRNTOP

bC, IuOL)N:I,hCASES
LA__L INPU1

iF (_._I_TvP.EL_.O.) GO.TO 310

-_II_ (U,3US) CASENO

FC,K._._I (IIII,DOX,i>_HIhIERN, EDIATE vALUt..5 FOR CASE,A5)

IF I__L,AblN.E_.COMBy) NOP:J.
IF (__UAbII_._G.COML_X) NOP:2
IF (,.uP.I_E.O} GO TO _00

_F_iI__ {b,35U) CASCNO

f-d_i..,_I(/,'/ b7X,5_HOPTIOh GIvEu JI'_CO,_,RFCTLY_ CASE A3, oh _ELLTED)

NBA_(EA,FMX_Y,LS,A5,D_F_IPIA,GXY,FNR,PRi_h_Y,R_cBAkS,

EI_ERARL,ZBAHh,CX, IOS,DXY,GS,JS,G_,JR,L,DY,LR,

IuR_N,NOP,M,PI_NTOP,N_ORNY}

bO lu IUUU
CALL L_UAII_

CALL FIliAL

CALL _UIPLI

ub Iv lOu

t-,o_ LIST

KL;_L _ br,Cl ION
1

KEAc IuS,JS,JR,L, IOR,N,M,NXORNY

AIL : (E_ / FhiX_Y + _5*AE/D) * F_PIA_2

Ai_ = iPRI_Y_EX/Fi_Xi.,Y + GXY) • FMPIA *
AI5 z (I./H)*(PRLM_Y*EX/F_X_),F_iPIA

A_ c GXY*F_;PIA**2 ÷ (EY/FMXNY + ERAs<L)

Ado : {l./H) * iEY/FMX_Y + EHARL) * FNP

A3O z (Dz/FWX_.Y + E_*IOS/U)*F_.IPIA*_4 +

I

bb lu

+ GxY*FNR**2

FNR

LS*AS/D*ZBARS*FI_PIA_*3

* FNH**2

÷ ERARL*ZBAR_*FN_**b

(2.*PRIMMY*uX/FWlX_Y

Z.*DXY + GS*JS/D + GR*_R/L) _ FNPIA**2 * FNR**_
+ (uY/F_,X_.Y + ER*IOR/L),FhR_,_ + (1./R**2)*(Et/F#XMY
÷ u_kL) + (z.*ERARL*ZbA_R*(_**2/R**O) )
(l_bu,2000), t4_P

I,CHzi

G_N_'_R.kLDYNAMICS 404
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C
C

@000

SU_ :
GO TO

GDC-DDG66-O08

T&BI2g ,IX¥II,,- Fortran "Listing -

FP_R_*2 , NXORN_'

4000

Pre_ram 3@62 ( Cont ' d)

NOP:2

DIV :

SUB :

FNH**2

FMPIA*_2 * NXOHNY

C

wOO0 NBAR :
1
2

iF (PR

_RLTE
b000 FORMAT

t

2

3

(A33 + ( ((AI2*A23)-(AI3*A22))/((A11*A22)-AI2**@})*AL3

+ ((((AL2*AI3)-(ALL,A23))/((AIL*A22}-A12**2) )*A23 ) - SUB)

/ DIV

NTOP.EQ.O.) REIURN

(b,bOOO) MPN,N_AR,AIItAl_,AI3,A22,A23pA33
(/// LtXoBHN =,IPEII,3,28XpSHN =pIPEII,3_28XpbHN BAR=,

EJb.9 // IIX,bHALi :,IPE17.g,@2X,5HA12 =,IPEI7.9,,22X,

5HAl3 :,IPE17.9, / IIX,bHA22 :,IPE17.9,22X,5HA23 =,IPEIT.9,

22X,SHA33 =,IPEI7 9)

RETUHh

END

$1_FTC INPUT LIST

SUBHOUTINE INPUT

COMMOh /INPT/ CASENO,LOADIIw,NINM,MAXM,DELTAM,MINN,MAXN,DELTAN,

I RADIUS,LENGTH,STRSP,FRAMSP,EX,EY,DX,_Y,GXY,DXY,

2 PRIMMX,PRIMNY,MX,MY,ES,GS,AS,IOS,JS,ZBARS,ER,GR,

3 AR,IOR,JR,ZBARH,NOP,PI,PRNTOP,NXORNY

REAL NIN_eMAXM,MINN,MAXN,LENGTH,_X,MY,IOS,JSeIOR,JR,NBARpNXORNY

C

C SUBROUTINE TO READ CARD INPUT FOH EACH CASE.

REAb _5,1OL) CASENO,LOADIN,MINN,NAXM,DELTAM,MINN,MAXh,DELTAN

* ,NXORNY

101FOHMAT (_Ab,TEIO.5)

REAU (5,20L) RADIUS,LENGTH,STRSP,FRAMSP

_Ol FORMAT (_L0,5)

I_EAD (5,3UI) EX'EY,DX,DY,GXY,DxY

_OI FORMAT (oELO.b)

REAU (5,201) PRINNxpPRIMMYtMX,MY

REAU (b,0OL) ES_GS,AS, IOS,JS,Z_AF<S

RLAU (5,301) ER'GR,AR,IOR_JR,ZbARR

REIURh

END

SI_FTC E_UAIN LIST

SU_OUIIN_ EQUA_

COMNOh /INPT/ CASENO,LOADIN,_INM,MAXN,DELTAM,MINN,NAXN,DELTAh,

l RADIUS,LENGTH,_T_SP,FRANSP,EX,EY,DX,PY,GXY,bX_,

2 PRIMMX,PRIMNY,MX,MY,_S,OS,AS, IOS,JS,_BARS,ER,G_,

3 AR, IOR,JR,ZBARR,NOP,PI,PRNTOP,NXORNY

COM_Or_ /iNTER/ FMX_Y,ERARL,TENP,STOHEP,STOREN

COMMON /RENAME/ A,D,L,R

REAL P}INM,MAXM,MINN_MAXN,LENGTH,MX,MY,IOS,JS, IOR,JR,NBAR

REAL L_M,N, NBARX,NBAR_,NXORNY
Rz_AUIUS

AzLEhGT_;
DzbTHSP

LzFHA_SP

FNXM_ = I,-PRINMX.PRIMMY

ERAHL = ER*AR/L

IChl:U

NzMiI_-DLLIAN
LO0 Nzh÷uLLTAW

GENERAL DYNANICS 405
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C

C

IOuU

i

1100

C

C

2uOu

210u
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TABLE XXVI I

II {i,,uT.N, AXiN) GU TO bOO0
Fhl_ - l_/t_
F.-F', I i_;,_-[_;C.L IAB,

1_ ,,,1 :-lC;_l + t
10 (N._OT.Nkxfv_) G£) TO bOUO

kN,riA : ;_,,PItA
,_ Iv (IUOL},2uOO), NoP

II.- _.Ibl,'T.hL_l) GO
l L_,,t J- Nt_A t'_
S 1U_,F..i"*:W.
S1 Ui_.LI,_" N
6U I 0 40UO
JF (J,L;ARx. 6E. TE_P}

lt.._',i-'-libAHx

SIu_(LM:Ni

S 1 UV,Lt'_=I',,
GO 1u _OU(J

- Fortran Llstin_ - Program 3962 (Cont 'd)

S'_LVE FOR N BAR X
: J_b_R(EX,FMXMY,ES,AS,U,FMPIA,bXY,FNR,PRIMMYpRPZuAI<SP_Y,

ERAHLpZUA_RpDXplOS,_xY,bS,JS,GR,JR,L,DY,ER,IOR,I_,NOP,

N_tPRNTOP,NXORNY)

TO 1100

G_ TO 4000

I._Ow:-.Z SOLVE FOR N BAH Y

iibARf : I_bAR(EX,FW_X_4Y ,ES,AS,U,FMPIA,bXY,FNR,PRIMMY,R,ZuAHS_EY,
I ERARL,Z#ARR,DX, IOb_bXY,bS_JS_GR,JR,L,DY,EF_,IOR,h,NOP

2 NI,PRNTOP, NXORNY )
IF (ichT.kL.I) GO TO 2100

1 EW,P-'_L}At_Y
b I v t-,,C,_I: t,,1,

_C I u _.OUO
IF { ,,,dAR Y .GE. TEt'4p )
1El,' H z.t,_LJAr_Y
SI _;Ix LI,'_ : N

5TGNLI_"N

C
4bOb bU i_ 20u
bOOU ub 1_ lOu

ObOb _tLlbt-_(_
LI,,J

$IuFIC F 1,,_ LIST
5UL_h,Jb T I I'VE FINAL

l

/

5

C.O,v,_u,, / INTER/

(.tjw._v:_I_ /HENANE/
u;WLNbIOI_ FN(b)

Gu TO _OOU

CASE,_O,LOADIN,Ivil0_M,MAXM,DELTAM,MINN,MAAN,DELTAI,,

HADIuS,LENGTH,bT_SP,FRANSP_EX,EY,DX,bY,GXY,UXY,

PRIMwlX,PRIM_Y,NX,_Y,LS,bS_AS,IOS,JS,_UARS,ER,G_,

A_,IUR,JH,ZBAR_,I_GP,PI,PRNTOP,NXORNY

X(5),Y(b),VALU_(b)

F_;XMt,ERARL,IE_.P,STOt<EM,STOREN

A,D,L,R

RLAL N.IN_,MAXM,MINN_W=AXN,LENbTH,NX_Y,IUS,JS_IOR,JR,IqRAR,W,h
,hXuRl_Y

vALbL(1):T_MP
_LL}zbTO_EW
_(L):_.O*STOI<EN

t_g_RAL DYINAMIC$ 406
_oonvalr 'bivlslon



!

,lI

GDC- DDG66 - 008

TABI_ Y_VII - Fortran Ltstfng - Progrma 3962 (Cont'd)

X(2)zX(I)-I.O
X(5)=X(1)+Io
X(_l=X(l)
X(5)=Xtl)
Y(2I:Y(1)
FN(2)=FN(1)
Y(_)=Y(1)
FN{3)=FNtl)
Y(;I=YiI)-2,0
FN(_)=FN(1)-I.0
Y(b)=Y(1)+2.0

FN(b):FN(1)+I°O

DO 500 I=2,5
FHPLA = X(I)_PI/A
FNR = FN(I)/R
N = FN(I)
M=X_I)
VALUE(1) = NBAR(EX,FMXMYpEStAStDpFMPIA,GXY,FNRpPRIMMYPRwZBARSwEY,

1 ERARL*ZBARR,OXtlOS,DxY,GS,JS,GR,JRPL_DY,ER,IORpNp

2 NOP,_,PRNTOPtNxOHNY)
50g CONIINUE

RETURN

END

$1BFTC OUTPUT LIST

SUBROUTINE OUTPUT

COMMOh /INPT/ CASENOtLOADINtMINM,MAXMtDELTAMpMINN,MAXNtDELTAN,

1 RADIUSPLENGTHtSTRSPtFRAMSPtEX,EYPDXtDY,GXYPDXY,

2 PRIMMX,PRIMMyfMxPMY,ESPGS,ASpIOSPJStZBARS,ERpGR,

3 ARplOR,JR,ZBAR_,NOPpPItPRNTOPpNXORNY

COMMO_ lOUT! X(5),Y(5)_VALUE(5)
REAL MINMpMAXM,MXNNpMAXNPLEN6THpMXpMYtIOSwJSpIORPJRPNBARPHXORNY
,RLTE (6wlO0) CASENOpMINM,MAxM,DELTAMpMINN,MAXNtDELTAN

LOO FORMAT (IHI,IX,BHCASL NO. t9XeSHMIN MPI6XtSHMAX HPIWXw?HDELTA M_

1 I_X,SHMIN N,IbX,5HMAX N,I_XPTHDELTA N II IXPAb,IPbE20._ )
GO TO (200,250)_ NOP

200 WRLTE (b,201) RADIUS_LENGTH,STHSP,FRAMSP_NXORNY

201FOHMAT (/// 18X_BHCYLINDER_12X_THOVEHALL_I3X_BHSTRIN_ER,Z3X,

1 5HFRA_E / 19X,bHRADIUS*I_X,6HLENGTH,l_X,THSPACING_t2X,

2 7HSPACING_3WX,THN BAR Y // 7X_IP4E20.W,IPEWO.4)

GO TO 299

250 WRITE (b,251} RADIUS*LENGTH,STRSP,FRAMSP,NXORNY
_51FOHMAI (/// 18X,BHCYLINDER_I2X,7HOVERALL_13X_SHSTRIN_ER,13X,

1 5HFRAME / 19X,bHRADIUS,_WX_6HLENGTH_I_X_7HSPACING,12X,

2 7HSPACING_34X,THN BAR X // 7X_IPqE20.4_IPE40.W)

_99 WRLT_ {b,300) EX*EY_DX,DY_GXY_XY

500 FhRMAT (/I/ 18X,7HE SUB X_I3X,7HE SUB Y_I3X_THD SUB X_13X_

I 7H_ SUB Y,13X,BHG SUB XY,12XrBHD SUB XY I/ ?X,IP6E20.4 )

*RII_ (6,400) PRIMMX,PRIMMY_MX,MY

WOO FORMAT (/// 18X_BH_U PRIME,lZX,BHMU PRI_E / 19X_5HSUU X_ISX,

I 5HSUB Y,IWX,BHMU SUB X,L2X_BHMU SUB Y I/ ?X_IP6E20._ )

_HITL {6,500) ES,GS,AS,IOS_JS,_BARS

500 FORMAT (/// 119X_SHZ BAR / 18X_7HE SUB 5,13X,7HG SUB S,13X,

I 7HA SUB S*I3X,8HI SUB OS,12X,7HJ SUB S,14X,SHSUb _ //

2 7X,1P6E20.W )

W_II_ (6*600) ER,GR,AR_IOR_JR,ZBARR

bOU FOH_AT (/// 119X(5HZ BAR / X_X,7_tE SU_ R_3X,7HG SUB R,13X,

I 7hA SUB R,13X,SHI SUB Ok,12X_THJ SUB H_I4X,SHSUU R //

2 7X,IPbE20,W )

Convair Divialon 407
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T,_BLE XXVII - Fortran Listing - Program 3962 (Cont ',_)

WRIIL (6w7UO)
TUb _-OR_AI (_(/),blX,ZgHCRITICAL CGMuIVEU LOAD VALUES ///

* 12X, 9HNU_BE_ OF, 2ttX,
1 9P:NUPIE_EH OF,,_4X,IOHAxI_L LOAD,23X,9_I_IOOP LOAD / fIX,

2 12F_,LONGIIUDII_AL,IgX,15_ICIRCU_IFEXENTIAL,21X,gHPAR SUI_ X,

3 ,)4X,9HUAH SUU Y / 12X,IOHHALF WAVES,;)3X,IO;_HALF t_AVLS,

W 23X,tUHLbS PLR IN,23A,IOFILBS PEf_ IN // )

bu fu (IUUO,2OOO),NOP

luO0 wHIIL (b,lUOl) (X(1),Y(1),VALUL(1),NXOR,'4Y,I-I,5)

lUOi FOH_AI (IX,IPE21._,IP3E33.4//(Ix,tPE21.W,1P3E33,4))

HETbr_l_

;_UUU wHITE (b,lO01} (;_(1),Y(1),NXORNY,VALUE(1),I-I,5}

3UUO RETUHh

F.NU

EhlJ OF FILE OH DATA CARD DATA FOLLGWS

EXAMPLE 4 UF SLCTION 8.5, HOOP CO_PP, LSSIVE RUNNING LOAD "-" 799,1 LI_S/IN,

i 0

ICOMDY 1.O 12.0 1.0 0.0 12.0

3b.b 7.2 2.Wb 6.0

1.5 +Oh 2.0 _06 2.5 +02 3.0 +U2 2.0 +05 2.0 +U2
2.5 -ui 3.5 -01 3.0 -01 _.0 -UI

3.0 +b7 1.2 +07 2.0 -02 5.0 -03 _.0 -03 5.0 -01

2.5 +u7 I,U +07 4.0 -02 1,0 -u2 6.u -03 7.5 -01

1,0 799,1

r
D

P GENERAL DYNAMICS
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18.3.3 _R Correction Factor - The program developed to evaluate

a correction factor CR which accounts for the effects of finite

stiffener spacing on the ring requirement to prevent general tnstabtlit 7

is designated as General Dynamics Program No. 39421. This program was

used to generate data from which the design curves for the correction

factor CR shown in Figure 33 of Section 13.1 were obtained. It is

expected that the design curves will be adequate for their purposes;

however, the computer program can be employed to advantage if a number

of points are to be obtained, investigations are to be made beyond the

range plotted, or increased accuracy is desired. This program is con-

venient for preparation of values for input to program 3942 discussed

in Section 18.3.1. The applications for CR values obtained from

program 39421 are discussed in Sections 7.2.1 and 13.1.

The input format is shown in Figure 63. Symbols used arp shown

in Table XXVIII. Detailed discussion of input, card by card, follows.

Runs may be stacked.

CARD TYPE 1: One card per case.

Enter CASF_NO (case number) as right adjusted integer(s)

in columns 1-S.

Enter NS (number of longitudinal stiffeners) as right

adjusted integer(a) in columns 6-10.

Enter R2AI (circumferential _tiffener parameter, R2Ar/I r)

in columns 11-30 (D20.5).

GENERAL DYNAMICS
i

Convair Division
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|
A sample iapmt coding form is shown in Figure 64. Note that double

precision is employed for input of R2AI.

The execution time is very small and at least 50 cases may be run

per second of 7094 DCS time at General Dynamics Convair.

The program output consists of a listing of the input values

and the quantities K t K1, K2_ and CSUBR as defined in Table XXVIII. The

values Kj K1, and K2 are printed to 17 significant figures while CSUBR

is printed to S significant fisures. A sample output listin s is shown in

Figure 6S for the sample input data of Figure 64.

_otation used in Program 59421 vs. the symbols employed in Parts I

and II of the report appears in Table XXVIII. A basic flow diagram for

the program is given in FiEure 66 and a Fortran listing of the program,

including input data from the sample coding form (Figure 64), is given in

Table _[IX.

b
m

I GENKRAL DYNAMICS
Convair DivimfO'_
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TABLE XXVIII - ProEram 39421 Notation

PROGRaR

NOTa.TION

REPORT

NOTATION D|_;RIPTION

CASENO

CR CR

Case number,

Correction factor;

K1
st, nOc08_ )

K_ = 1 e +
a a

K2

K

NS

R2AI

THETA

N
s

R2Ar/I r

8

1
L_=g.

K = KI - K2 .

Number of stringers

Circumferential stiffener parameter.

20 = angle between stringers.
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Read one

data card

7
Calculate

K1, K2, K,

and C R

I -Print

_K, KI, K2,

F_Fi_Lure 66 - Floe Diagram - ProKram 3942T
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TABLE XXIX - Fortran Listin_ - Program 5942I

SLALC_IL

$1 U,_Ub

$1b_ IC l,',,_r,:

C

C

C

C

C

C

I uJOLJ

,_,i"_11 r._ (6,£5)

2b FOr,,_,,_,l (l_ll,bbX,_uHCi< CORREClloN FACIGR ///)

_H t l L.. _DpbU)

5b FOt<_v._[ (/// P_.SX*LH2 / BH CASE i,_O q.×,,.'_lNS 7X,gH(R A / I) i7×pIHK

bo* ;_:)_,_2tiKlt?.iuX,/_HK2P17Xp7hC SUB R /// )

kL_u A C_5E

IOb RL,,b {5,1UI) CASLIIO,145,R2AI

£ul FUt_,,A! (_5,1b,D2u,5 )

CAL_ULA IL

Fi,_b - FLL;AT( _ S _

bi4b z. UbLL(FI,J5}

_l : (l.o / (DSIN(Tt-_r..1A).**2} ,, {TPEI.&/ 2,O -' DSIN(ThE. IA),

_CO5('I',_LITA} / 2.0)

f\_ -- 1.0 / TFiETA

tr_ - i.O / (l.O "_ _Pi*K/bI.S)*t-_._Ai)

PF_ k i, I

_kl I_ (b,SUL]) CASENO,IJS,R2AI,K,KI,K2,CR

._OU fICt,:_,_AI (iX.Ab,qX,lS,l_Dl6,q,_D._b.16,_16.q / )

,..,-u t,u lOu

Lieu

Li,_; L;F FILL OR UAT+_ CARD UAIA FOLLOWS

I 90 .3q7bI +05

'_o .jqobO +05

3 _o .35059 +05

uo .llJbg +Ob

5 uu .i1092 +Oh

uu .llwg_ +06

7 ub .llb_9 _06
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APPENDIX A - SUPPLEMENTARY OPTIONS FOR ANALYSIS OF

BUCKLING OF ISOTROPIC SKIN P.INELS

SUBJECTED TO EDGE COMPRESSION

The design curves of _ection 11.2 for buckling of isotropic

skin panels under edge compression were obtained using the Schapitz [6]

criterion for buckling and the lower bound curve of Seide, etal. [IS] for

o R . This analysis approach was discussed in Section 5.2 and designated

OPTION I. Also presented in Section 5.2 were the mean expected and 90%

probability analyses for aE from reference 14. The use of these latter

analyses for o R with the Schap£tz criterion was designated OPTION 2 and

OPTION 5, respectively. As supplementary information which could occasionally

be of value, plotted output from the digital computer program of Section 18.1

is presented here for OPTIONS 2 and 3 using Poissonts ratio as 0.30.

l.l OPTION 2

A.I.I General - The mean expected (50% probability) analysis of

reference 14 is used in OPTION 2 for determining a R . The applicable

expressions for o R are given in Section 5 as equations (5-8) and (5-9).

Values of o R so obtained are used with equations (5-1) through (5-5) to

obtain o , the critical buckling stress for the skin panel. These
cr

equations may be solved by hand or the buckling curves of Section A.I.2

may be employed. The digital computer program of Section 18.1 may also

be used. OPTION 2 may be of value in predicting average expected buckling

results and, when used with OPTIONS l or 3, can give an indic;ition of

the dispersion of data to be expected. OPTION 2 should not be considered
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a design level and it must be expected that approximately one-half u(

all panels tested in the range where

less than the OPTION 2 level.

o = o R will buckle at stressescr

For OPTION 2, the procedures of Section ll.1 may be used

with the curves of A.1.2 substituted for those of 11.2.

A.1.2 Buckling Curves - Supplementary buckling curves generated by

a S.C.4020 plotter using the digital computer program of Section 18.1

are presented in this section for OPTION 2. Table XXX lists the

families provided here.

TABLE XXX - Table of Contents for the Supplementary

Curves "Buck!inK of Isotropic Panels"(OPTION 2).

Figure

Number Ordinate Abscissa a/___b __K Page

/ Buckl ing 5tress_ R 4 7.00 A-5

67(a) \Elastic Moduius] T "

67(b) " " .6 4.00 _-4

67(c) " " •6 5.70 _-5

67(d) " " .8 3.29 I-6

67(e) " " .8 5.70 _-7

67(f) " " 1.0 5.29 A-8

67(g) " " 1.0 5.70 I-9

67(h) " " 2.0 5.29 ,_-10

67(i) " " 2.0 5.70 A-ll

67(j) " " 4.0 5.29 A-12

67(k) " " 4.0 5.70 _-15

67(I) " " i0.0 5.29 t-14

57(m) " " i0.0 5.70 A-15

67(n) " " i00. 5.29 ,I-16

67(0) " " I00. 5.70 A-I7
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r

._.2 OPTION 3

A.2.1 General - The 90% probability, 95% confidence analysis of

reference 14 is used in OPTION 3 for determining o R . The applicable

expressions for o R are given in Section 5 as equations (5-10) and

(5-11). Values of o R so obtained are used with equations (5-1) through

(5-5) to obtain _ , the critical buckling stress for the skin panels.
cr

These equations may be solved by hand or the buckling curves of Section

A.2.2 may be employed. The digital computer program of Section 18.1

may also be used. OPTION 3 may be of value when high reliability a R

calues are needed for unusual panel a/b ratios since, as discussed in

Section 5.2, the analysis includes statistically inferred length effects_

For most practical cases, however, _he OPTION 1 analysis recommended for

design gives essentially the same results.

For OWfION 3_ the procedures of Section 11.1 may be used with

the curves of A.2.2 substituted for those of 11.2.

A.2.2 Buckling Curves - Supplementary buckling curves generated by a

S.C.4020 plotzer using the digital computer program of Section 18.1 are

presented in this section for OPTION 3. Table XXXI lists the families

provided here.
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TABLE X_I - Table of Contents fer the

Supplementary C_yes "Ba_l_._
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Figure

NuAber 0rdfnat+e Abscissa a/b

[Buckltnl StresS] R
eB(a) [m]=.tic " d.lus] .4
68(b) " " o6

68(c) " " .8

68(d) " " .8

68(e) " " .8

68(f) " " 1.0

68(&) " " 1.0

68(h) " " _.0

68(i) " " 2.0

68(J) " " 4.0

S8(k) " " 4.0

68(1) " " 10.0

68(m) " " 10.0

68(n) " " 100.

68(0) " " 1OO.

K
m

7.00

4.00
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5.70
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